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ABSTRACT

When curricular boundaries between mathematics and culture become blurred or nonexistent, Black students can participate in mathematical processes that become more relevant and
applicable to their lives (Barta, Eglash, and Barkley, 2014). Simply defined, ethnomathematics is
the study of the relationships between mathematics and cultures (D’Ambrosio, 2006). With the
incorporation of ethnomathematics in the mathematics curriculum, students learn to appreciate
the achievements of their own and other cultures (D’Ambrosio, 1993) while creating connections
between the mathematics of the classroom and the mathematics in their lives.
The purpose of this study was to investigate students’ abilities to recognize the relevance
of mathematics to their lives and to examine changes in students' development of cultural and
historical literacies after engaging in an ethnomathematics curriculum during a virtual summer
STEM camp. During the virtual classroom sessions, students examined how patterns emerge and

mathematics abounds in cultural activities while delving into the basic concepts of geometry.
This study was guided by the following research questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
This single intrinsic case study invoked second-generation Cultural Historical Activity
Theory (CHAT) as the theoretical lens to investigate how students connect the mathematics
taught in the classroom to real-world mathematics as they were immersed in the instruction of
ethnomathematics lessons. Data sources included recorded class sessions and student-created artifacts. Students used mathematics vocabulary, created mathematical models, expressed cultural
connection to mathematics based on their cultural backgrounds, and connected content learning
to the real world. Students took ownership of their learning and realized that math is more than
just numbers. Immersion in ethnomathematics allowed the students to rediscover what counts as
math and who counts as mathematicians.

INDEX WORDS: Ethnomathematics, Literacy, Cultural Literacy, Mathematical Literacy,
Historical Literacy
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1
1 INTRODUCTION
I am a fifth-generation educator; teaching is in my blood. My great-great-grandfather
built the first school for African-Americans in Sweet Home, Arkansas, in the early 1900s. As a
female, Black educator and mathematician, I am distressed by the underrepresentation of women
and minorities in STEM (Science, Technology, Engineering, and Mathematics) education and
careers. As a mathematics teacher for over 18 years, I significantly understand the influence of
success in the mathematics classroom on a student's pursuit of STEM-related careers. I believe
that all students, no matter their race or gender, must see themselves as capable learners and doers of mathematics.
This study centered on Black students' ability to recognize the relevance of mathematics
to their lives as they are engaged in an ethnomathematics curriculum. This chapter is organized
into four sections. The first section introduces the problem that influenced the research study.
The second section defines ethnomathematics, literacy, cultural literacy, mathematical literacy,
and historical literacy. The third section states the purpose, lists the research questions, and discusses the rationale of the research study. The fourth and final section examines the theoretical
frameworks employed in the study.
Problem
Black underrepresentation in STEM fields presents a significant concern for educators,
employers, and government agencies (Agrawal, Stevenson, & Gloster, 2016; Wladis, Hachey, &
Conway, 2015). Blacks made up 11% of the United States workforce overall; however, they represented only 9% of STEM workers as of 2018 (Funk & Parker 2018). Collins, Joseph, and Ford
(2020) stated that without the participation of individuals of all races and genders, the increasing
demand for workers in STEM fields would not be met. Collins, Joseph, and Ford (2020) also
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contend that this lack of participation may potentially compromise the position of the United
States as a global leader in the sciences.
Research has shown that a disconnection from the cultural identities of Black students in
their initial transition to formal education and then again into college can negatively affect their
creative thinking and subsequent academic success. This disconnect causes Black students to
lack positive attitudes toward academia (Dai, Steenbergen-Hu, & Zhou, 2015). Black students
often lack the motivation to learn mathematics and say they are not "good" at mathematics
(Ukpokodu, 2011). These students do not see themselves as successful learners and performers
of mathematics and do not recognize the relevance of mathematics in their everyday lives (Berry,
2008; Gutstein, 2006; Martin, 2000). One way to restore this disconnect and promote positive
student attitudes toward mathematics is for mathematical educators to cultivate an understanding
and appreciation of the diversity of the students' cultural practices within the mathematics curriculum and incorporate culture in the mathematics classroom (Izmirli, 2011).
Definition of Ethnomathematics
Ubiratan D'Ambrosio coined the term ethnomathematics and defined it as the mathematics practiced among identifiable cultural groups (D'Ambrosio, 1985). Ethno is derived from the
Greek term ethnos, which means people, nation, class, caste, or tribe. Rosa and Orey (2007) expanded on this definition. They asserted that ethno refers to members of a group within a cultural
environment who are identified by their cultural traditions, codes, symbols, myths, and specific
ways used to make sense of the world around them. Mathema has its origins in the Greek term
meaning knowledge, study, and learning. The concept of mathema is essential for members of
cultural groups to survive and thrive. A transcendental knowledge of the world is necessary to
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manage and cope with reality (Rosa & Orey, 2011). Tics refer to techniques used in the representation of mathematical ideas. Thus, ethnomathematics integrates culture (ethnos) and mathematical knowledge (mathema) in the expression of mathematical ideas (tics). Simply defined, ethnomathematics is the study of the relationships between mathematics and cultures (D'Ambrosio,
1993).
Definition of Literacy
Draper and Broomhead (2010) defined the term “literacy” as an individual’s ability to
construct meaning with some sort of resource, such as a text. They also defined literacy within a
field as an individual’s ability to engage appropriately with texts valued within the given field.
Definition of Cultural Literacy
Rutten (2020) defined the term cultural literacy as a wide range of approaches and discussions regarding the importance, necessity, or even possibility of producing and reproducing cultural knowledge.
Definition of Historical Literacy
Nokes (2012) defined historical literacy as the ability to negotiate and create the texts and
resources that are valued within the discipline of history.
Definition of Mathematical Literacy
Jablonka (2003) defined mathematical literacy as the ability to use basic computational
skills in real-world contexts, the ability to create mathematical models, or the ability to understand and evaluate the use of numbers and mathematical models.
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Purpose
This study aimed to investigate students' abilities to recognize the relevance of mathematics to their lives and examine changes in students' development of cultural and historical literacies after engaging in an ethnomathematics curriculum during a virtual summer STEM camp.
During the virtual classroom sessions, the students explored geometry and trigonometry and how
mathematics traveled across cultures and civilizations from the continent of Africa. In addition,
students examined how patterns emerge and mathematics abounds in cultural activities while
delving into the basic concepts of geometry. These basic topics included the study triangles, area,
surface area, volume, and deductive reasoning.
Research Questions
This study was guided by the following research questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
Rationale
Mukhopadhay, Greer, and Roth (2012) argued that students learn to dislike mathematics
early on in their educational careers or believe that they cannot “do” traditional academic mathematics. D’Ambrosio contended that ethnomathematics reaches beyond the scope of academic
mathematics or the mathematics taught in school (D’Ambrosio, 1985). Mathematics knowledge
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grounded in ethnomathematics consists of everyday societal problems, more significant problems that affect all humankind, and the endeavors of humans to create meaning of the world
around them (Rosa & Orey, 2003).
Ethnomathematics focuses on the human creation of mathematics, investigates the reasons why humans create mathematics, and leads to the creative exploration of the implementation of mathematical ideas in diverse cultural groups (Rosa and Orey, 2011). D’Ambrosio (2006)
defines cultural groups as groups that are identified by the objects and traditions common to the
groups. Cultural groups may include groups such as urban and rural communities, groups of
workers, professional classes, children in a given age group, indigenous societies, and many
more (2006, p. 1). Swetz (2009) asserts that school curricula should include a variety of cultural
inputs, such as those used to identify individuals, families, communities, and schools.
Since “mathematics is a human endeavor” (Swetz, 2009, p. 39), students should be provided with opportunities to explore the human aspect, including the creation and discovery of
mathematics, from different perspectives around the world (Powell & Frankenstein, 1997). Ethnomathematics encourages students to explore and try to understand how mathematics is adapted
and used by people around the world. It acknowledges the connection between mathematics and
culture while examining the many applications of mathematics in everyday life (Powell & Frankenstein, 1997).
Theoretical Frameworks
Orey and Rosa (2016) asserted that ethnomathematics embraces mathematical ideas,
thoughts, and practices that developed cultures across history. In the context of ethnomathematics, the evolution of knowledge can be demonstrated by a cycle that takes into consideration natural and sociocultural views of reality, individual and societal knowledge filters, and cultural
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knowledge systems (D’Ambrosio, 2006). This research employed a combination of two theoretical frames works, Cultural Historical Activity Theory (CHAT) as a theoretical lens in which the
process of performing an activity is examined and Historically Responsive Literacy (CHRL) as a
theoretical framework used to design and define learning goal, lesson/unit plans, and content.
Cultural Historical Activity Theory (CHAT)
Cultural Historical Activity Theory (CHAT), a term coined by cultural psychologist Michael Cole (1986), combines cultural historical psychology and activity theory. Fisher (2011) defined an activity as a historically, culturally, and socially situated action in which people are engaged in attaining a common objective. CHAT takes into consideration how an activity is shaped
by the ‘Cultural’ views and resources of the subjects performing the activity, the influence of the
subjects’ ‘Historical’ perspectives on the way they think, an ‘Activity’ referring to the doings of
a group which are modified by history and culture and situated in a particular context, and the
‘Theory’ or conceptual framework which provides a lens through which the activity is described
and understood (Foot, 2002).
CHAT provides a theoretical lens in which the process of performing an activity is examined with respect to the historical, economic, political, and socio-cultural factors associated with
performing an activity (Foot, 2002). CHAT explains how learning takes place by combining cultural tools, language socialization, and attention to social norms to create a learning space that
allows for growth and development.
Evolution of Cultural Historical Activity Theory
The evolution of Cultural Historical Activity Theory (CHAT) is attributed to several
scholars including Lev Vygotsky (1896-1934), Aleksei Leontiev (1903-1979), and Yrjö
Engestrom (1948–Present). CHAT’s originated in post-revolution Russia. After the 1917 Soviet
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Revolution, a team of Russian psychologists, Lev Vygotsky (1978, 1981), Alexander Luria
(1976), and Alexei Leont’ev (1978), were recruited by the new government to reformulate psychological theories by incorporating the philosophical principles of Karl Marx (Wertsch, 1985).
Instead of focusing on the direct impact of stimuli on human responses popularized by Russian
psychologist Ivan Pavlov, Vygotsky and his team maintained that humans react to and act upon
mediating objects in their environment (Vygotsky, 1978). Vygotsky employed the theory set
forth by Marx to describe the relationship between individuals and their social environment
(Cole 1986; Wertsch 1985). In his new psychological theory, Vygotsky attempted to explain and
understand the co-evolutionary process humans confront in their environment while engaging in
a common activity (Stetsenko & Arievitch, 2005).
Vygotsky believed that psychologists of the time were taking a one-sided approach to examining, interpreting, and understanding human psychology (Kozulin 2003; Vygotsky 1981).
Concerned with the popularity of Pavlov’s work, Vygotsky introduced the concept of mediated
action in his 1925 dissertation, The Psychology of Art (1925). Vygotsky (1981) described mediated action as a concept to explain how human thought develops through social interactions with
others, interactions with artifacts, and interactions with tools. He asserted that humans learn cultural habits of mind through which they derive meaning from the world around them through
these social interactions. Vygotsky believed that the relationships among individuals, tools, and
artifacts were not constant and changed over time (Vygotsky, 1981). In other words, humans
modify and create activities that cause transformations of artifacts, tools, and others in their environment as they make meaning of the world (Scribner 2013).

8
Vygotsky’s theory of mediated action led to what is known as the first-generation of Cultural Historical Activity Theory. Vygotsky’s ideas of an interrelated activity system are represented in Figure 1. This diagram is often referred to as the mediated action triangle (Cole &
Engestrom, 1993). The triangle depicts the relationship among the subject, mediating artifact or
tool, and the object. The subject represents the individual or individuals engaged in the activity
within the activity system. The mediating artifact or tool can include artifacts, social others, and
prior knowledge that contribute to the subject’s mediated action experiences within the activity.
The object is the goal of the activity. (Engestrom, 2001).
Figure 1
Vygotsky’s Basic Mediate Action Triangle. Adapted from Cole & Engestrom (1993)

Vygotsky’s activity model included a subject, the subject’s object, and the tools or artifacts the subject uses to attain the object. One of the major critiques of Vygotsky’s first-generation cultural historical activity theory model was that it focused primarily on the individual
(Engestrom, 2001). To ameliorate this shortcoming, Alexei Leont'ev, a colleague of Vygotsky’s,
expounded on Vygotsky’s mediated action theory to include an individual’s relationships within
a community. Leont’ev asserted that subjects, as individuals within a community, acquire certain
perspectives which are influenced by the subjects’ relationships and interactions within the larger
community (Engestrom & Cole, 1997).
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CHAT as a Framework to View “Activity”
The unit of analysis within Vygotsky’s mediated action theory was the individual. Viewing the unit of analysis as the individual limits the researchers’ ability to model collective activity and social influences upon an individual (Beatty, 012). Analyzing human action only from the
individual level neglected community interactions. Further, analyzing human action only from
the social level may neglect the perspectives of the individuals (Engestrom & Cole, 1997). Leont’ev’s (1981) second-generation cultural historical activity theory contended that the actions of
an individual are embedded within an activity system including the subject, the object of action,
and a community engaged in collective activity. Leont’ev (1981) also asserted that it is only
when human actions are analyzed in the context of collective activity that these actions make
sense.
Based on Leont’ev’s work, Yrjo Engestrom (1987) proposed a graphic depiction of second-generation activity in which the unit of analysis was expanded to include collective motivated activity toward an object. This inclusion allowed for understanding how collective action
by social groups mediated activity and it considered the subjects’ relationship and interactions
with the greater community. In Engestrom’s model, the subject focus was still located at top of
the triangle as depicted in Vygotsky’s original mediated action triangle, and the social, or community focus, occurred at the bottom of the triangle. The bottom addition to the original triangle
demonstrated how the subject relates to the community, considered divisions of labor within the
community, and acknowledged rules involved in the interactions between the subject and the
community.
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In Engestrom’s model, the unit of analysis was the activity. In consideration of the social
structure of activity, Engestrom expanded the unit of activity to include three additional components: (1) rules that regulated the subject’s actions toward an object and relations with other
members of the community participating in the activity; (2) the community of individuals who
shared an interest in and involvement with a common object; and (3) the division of labor which
dictated who does what in relationship with the object (Foot, 2001). Engestrom referred to this
expanded unit of analysis as an activity system (Engestrom 1987).
Figure 2
A Second-Generation CHAT Model. Modified from Engestrom (1987)

Below is a table that lists the tenets of CHAT as they relate to the study of a virtual mathematics classroom (the activity system) considered in this research study:
Table 1
Tenets of Cultural Historical Activity Theory
Tenet

Subject

Definition

Application in Ethnomathematics Study

Individual or individuals engaged in the Students in the classroom
activity within the activity system
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Table 1 (continued)
Tenet

Tools

Definition

Artifacts,

social

Application in Ethnomathematics Study

others, and

prior Teaching and learning resources

knowledge that contribute to the subject’s

mediated

action

experiences

within the activity

Object

Goal of the activity

Strengthening students’ abilities to recognize the relevance of mathematics to their
lives and promoting positive changes in students’ mathematical identities

Activity

Focus of the activity system

Immersion in ethnomathematics lesson

Community

All stakeholders involved

Teachers, students, and families

Division of Labor Different roles performed by the subject

Students’ roles as learners and practitioners
of mathematics

Guidelines that regulate the subject’s ac- Norms for a virtual classroom

Rules

tions toward an object and relations with
other members of the community participating in the activity

Outcome

Result of activity

Creation of ethnomathematics artifact

Culturally Historically Responsive Literacy (CHRL)
Because there are multiple points of view, cultural traditions, interests, and contradictions
that interact to influence an activity system, CHAT is considered a useful framework for explor-
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ing students’ perceptions of mathematical experiences (Hernandez-Martinez, 2018). CHAT considers the unit of analysis the “activity”, CHAT does not lend itself to the analysis of the design
of the activity. Muhammad (2020) discussed the need to design a framework for learning standards that are both written and designed by people of color. Based on the literacy practices of
Black communities established in the 19th century, Culturally Historically Responsive Literacy
(CHRL) establishes “teaching, learning, and leadership beliefs and practices [that] authentically
respond to a) students’ cultural (and other) identities, b) the cultural (and other) identities of others, and c) the social times (historical and current)” (Muhammad, 2020, 48).
According to Muhammad (2020), educators must measure curriculum against the unique
needs of the students and the community. CHRL conceptualizes literacy in four layers: identity
development, skills development, intellect, and criticality (Muhammad, 2020, 57). Identity development addresses how the curriculum helps students learn something about themselves and/or
about others. Skills development addresses how the curriculum responds to or builds students’
skills and standards. Intellect development addresses how the curriculum responds to students’
knowledge. Criticality development addresses how the curriculum engages students thinking
about power and equity and the disruption of oppression. Although Muhammad (2020) frames
the CHRL model to be utilized in the designing of reading and writing curricula, I will use this
framework to design ethnomathematics lessons that develop mathematical literacies.
Historic Black communities defined literacy as the ability to read and write one’s life
(Friere & Macedo, 1987). However, Mohamad (2020) stated that literacy encompasses more
than text or the basic skills needed to communicate ideas. Street (1993) described literacy as being shaped by “context, power, and history”. Cobb (2004) stated that when we reflect on the plurality of the social contexts of literacy, we can adapt our understanding of literacy into many
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other languages, cultures, and disciplines, such as mathematics. Cobb (2004) also asserted that
literacy can involve both conventional and nonstandard written notations such as diagrams, computer graphics, discourse, and mathematical argumentation. Jablonka (2003) stated that there are
several perspectives on mathematical literacy. As previously stated, mathematical literacy can be
viewed as the ability to use basic computational and geometrical skills in everyday contexts, as
the ability to develop mathematical models, or as the capacity for understanding and evaluating
others’ use of numbers and mathematical models (Jablonka, 2003).
Summary
D’Ambrosio (1985) defined ethnomathematics as the “mathematics which is practiced
among identifiable cultural groups” and distinguishes it from what he defines as academic mathematics, or the mathematics taught in school. In the context of ethnomathematics, the evolution
of knowledge can be demonstrated by a cycle that takes into consideration natural and sociocultural views of reality, individual and societal knowledge filters, and cultural knowledge systems
(D’Ambrosio, 2006).
The inclusion of ethnomathematics in the mathematics curriculum enables students to become aware of how people mathematize and think mathematically in diverse cultures. Students
can then use this awareness to learn formal mathematics and increase the ability to mathematize
in any context in the future (Rosa & Orey, 2007). Students also learn to value and appreciate
their previous mathematical knowledge. This appreciation allows students to understand and experience cultural activities from a mathematical perspective and in turn, helps them link academic mathematics and the mathematics in their daily lives (Knijnik, 1993).
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2 REVIEW OF LITERATURE

This study aimed to investigate students' abilities to recognize the relevance of mathematics to their lives and examine changes in students' development of cultural and historical literacies after engaging in an ethnomathematics curriculum during a virtual summer STEM camp.
During the virtual classroom sessions, the students explored geometry and trigonometry and how
mathematics traveled across cultures and civilizations from the continent of Africa. In addition,
students examined how patterns emerge and mathematics abounds in cultural activities while
delving into the basic concepts of geometry. These basic topics included the study triangles, area,
surface area, volume, and deductive reasoning.

Research Questions
This study was guided by the following research questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
This chapter is divided into three parts. The first section discusses culture in mathematics.
Next, the second section explores teaching the diversity of mathematics. Finally, the third section
examines teaching Black children mathematics in a virtual classroom.

15
Culture in Mathematics
“The only absolute truth in mathematics is the myth of mathematics is universal.” (Kanter, 2008)
Ukpokodu (2011) asserted that neither mathematics nor mathematical knowledge is void
of culture or universal. Rather, they are situated within a sociocultural structure of varied cultural
groups. According to D’Ambrosio (1985), mathematical knowledge is dynamic because of the
human activity involved in the creation of mathematics. Humans, members of diverse cultures,
develop mathematical thinking to solve common problems within an everyday cultural context.
Ethnomathematics validates forms of mathematical explaining and understanding formulated by
diverse cultural groups. Diverse cultures face distinct types of problems. Hence, the types of solutions, methods, and theories developed to solve these problems may differ from culture to culture. Due to this cultural diversity, problems and solutions in one culture may have no meaning
at all to another culture (D’Ambrosio, 1985).
As cultures encounter each other, the evolutionary process of change in mathematical
knowledge becomes even more evident (D’Ambrosio, 1993). Orey and Rosa (2011) argued that
when cultures meet, there are three possible outcomes: (a) that one culture completely eliminates
the other, (b) that one culture is absorbed by the other, or (c) that the two cultures come together
to produce a third distinct culture, and as such argue for fruitful and equitable means of cultural
merging as being aligned to the third view where both perspectives are honored.
Despite the inclusive nature of ethnomathematics, it is often confused with ethnic or indigenous mathematics (Pais, 2011). Teaching mathematics from the perspective of only one culture does more harm than good. As Eglash (1997) suggested, if cultural mathematics content
from one specific group is being used as examples in the mathematics classroom, mathematics
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educators risk enforcing the same forms of alienation of students found in traditional mathematics classes.
Although critics of ethnomathematics do not deny the development of different
knowledge by different cultures, many believe that most non-Western knowledge is inferior to
the knowledge developed and perpetuated by the dominant Western culture (Pais, 2011). These
critics of ethnomathematics believe that nonacademic mathematics should remain outside of the
classroom. They argue that the classroom should be a place for learning “official mathematics
knowledge” (Pais, 2011). On the contrary, evidence supports the idea that when actively engaged
in everyday activities, individuals incorporate culturally constructed artifacts into their thinking
processes and develop problem-solving skills (Wenger, 2000). Chahine and Naresh (2013) contended that the mathematics practiced by out-of-school laborers was concealed within the object
they produced. They further asserted that this mathematics was always present, useful, useable,
and meaningful. Research has proven that individuals who immerse themselves in out-of-school,
work-related practices perform well mathematically and develop mathematical problem-solving
skills bolstered by their real-world experiences (Carraher & Carraher, 1985; Saxe, 1991; Jurdak
& Shahin, 1999, 2002; Naresh, 2008).
In the classroom, the study of cultural artifacts can provide students with “concrete links
for students between contemporary life and history because they serve as artifacts acting as tools
that help to retell family stories and past events” (Rosa & Orey, 2009, p. 56). Cultural artifacts
are often passed down from generation to generation. Recognizing and appreciating the diversity
of students’ cultures validates the mathematical practices students often wonder about.
Because there are multiple points of view, cultural traditions, interests, and contradictions
that interact to influence an activity such as learning mathematics, CHAT is considered a useful
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framework for exploring students’ perceptions of mathematical experiences (Hernandez-Martinez, 2018). For example, Jonassen and Rohrer-Murphy’s (1999) employed second-generation
CHAT to analyze the needs, tasks, and outcomes for designing constructivist learning environments (CLEs). According to the researchers, focusing on the interactions of human activity and
consciousness within an environment were essential for designing CLEs because they are activity-oriented. These constraints support the use of CHAT as a research framework.
Jonassen and Rohrer-Murphy (1999) defined the unit of analysis as the activity of designing CLEs and detailed examples of each of the tenants of second-generation CHAT with respect
to the instructional design activity. The subject was defined as the individuals and workgroups
that were formed in the organization to fulfill goals. The object of the activity was efficient and
effective instruction. The tools included the design models and methods employed (e.g., Dick
and Carey, critical incident method, syntactic analysis), the physical apparatus and tools (computers, fax machines, telephones, video cameras), and reasoning (e.g., problem-solving skills,
task decomposition, synthetic thinking) that mediate the group's activity toward designing and
developing the instruction. The community consisted of designers within the organization, subject matter experts, and customers who shared a set of social meanings. Rules included the signs,
symbols, tools, models, and methods that the community used to mediate the process. The division of labor was prescribed by task specialization (designers, developers, producers) of the individual members of groups within the organization. The outcome was the form of instruction that
was developed and implemented.
According to Jonassen and Rohrer-Murphy (1999), the process of instructional design or
any activity can only be understood by analyzing its historical development. The researchers asserted that instructional design skills are internalized forms of activity and can be appropriately
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analyzed using CHAT because of its focus on the centrality of activity in a cultural context. The
concept of an idea manifesting itself in diverse ways with and across people and time lends itself
perfectly to the use of CHAT as a theoretical framework and the study of ethnomathematics.
CHAT has been employed by researchers across many disciplines to advance ways of
thinking about and shaping professional practices such as curriculum development and teaching
strategies (Roth & Lee, 2007). According to Nussbaumer (2012), educational researchers have
come to recognize the importance of considering the social interactions which influence learning.
One of the most important aspects of CHAT is that it seeks to understand and explain complex
phenomena found in activity, inside and outside of the classroom (Nussbaumer, 2012). Jaworski
and Potari (2009) asserted that CHAT “…has the power to deal with the complexity in educational systems” (page 222).
Cultural historical activity theory does not consider mental over practical aspects of
mathematical activity (Roth, 2012). Beyond mathematical reasoning or ability, the idea of identity has been used widely in mathematics education to understand how students relate to and engage with mathematics (Kaasila, 2007; Sfard & Prusak, 2005; Boaler, 2002). Black, Williams,
Hernandez-Martinez, Davis, Pampaka, and Wake (2009) employed cultural historical activity
theory to explore the key ‘significant’ activities that are implicated in the development of students’ reflexive understanding of self and how this understanding may cause differing relationships with mathematics. The researchers asserted that students constructed their identities as
mathematics learners based on their experiences when they engaged in various mathematical activities of the past. In other words, a student’s idea of mathematical identity is historical in nature
and develops from how the student’s self-reflection. However, as students engage in many activities throughout their lives, the concept of self-identity changes. This change occurs through both
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processes of engagement in activity and reflection on activity and identity. Because of the kinetic
nature of identity, the researchers argued that it is vital that teachers, colleges, and policymakers
recognize the various motivations students have for studying mathematics and offer individualized support and appropriate ways of teaching and learning mathematics.
Teaching the Diversity of Mathematics
“You can’t be what you can’t see.” (Marian Wright Edelman)
How can students identify as mathematicians if they do not see mathematicians who look
like them? How can students identify as “doers” of mathematics if they do not see the mathematics in their everyday lives? Often at the start of mathematics courses I have taught for over
twenty-plus years, I ask my students to name a mathematician. The most common answers are
often the same: Newton, Euclid, Euler, Pythagoras, or Descartes. Contrary to popular belief,
mathematics did not originate in Greece. Rosa and Orey (2003) asserted that the conquest and
domination of the world by European-North American colonizers created significant consequences in the concept of what counts as mathematics and who counts as mathematicians. They
argued that the arrogance, sense of entitlement, and scientific cultural hegemony of the colonizers’ spread rapidly and that thousands of traditions and time-honored forms of thinking, calculating, and problem-solving of the dominated cultures were lost. Consider for example the basic
mathematical concept of fractions. Although there is no systematic way to represent fractions
employing ancient Greek and Roman arithmetic (Raju, 2017), the Rhind Papyrus (Clagett, 1999)
shows that Black Egyptians used fractions from at least 3,700 years ago. Europeans appropriated
the arithmetic of fractions thousands of years later as fractions came into the Jesuit syllabus only
around 1572 (Phillips, 1941).
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Joseph (1997) stated, “there exists a widespread Eurocentric bias in the production, dissemination, and evaluation of scientific knowledge” (p.61). Rosa and Orey (2003) suggested that
teaching from an ethnomathematics perspective helps to alleviate Eurocentric bias by promoting
the rights of all people, no matter their sexual orientation, gender, ethnicity, race, or socioeconomic status. Teaching ethnomathematics allows students to understand the issues and problems
of all the members of our increasingly globalized society. With the incorporation of ethnomathematics in the mathematics curriculum, students learn to appreciate the achievements of their own
and other cultures (D’Ambrosio, 1990). Ethnomathematics also focuses on recovery of the cultural dignity seized from individuals who have been socially excluded because of barriers constructed by the dominant society (D’Ambrosio, 2006). Ethnomathematics leads to students feeling more accepted, being more accepting of others, and even helps in the fight against racism
(Brandt and Chernoff, 2015).
Over the past three decades, there has been a resurgence of acceptance of forms of wisdom that are non-Western (Furuto, 2014). Labels such as ‘culturally appropriate’ (Au & Jordan,
1981), ‘culturally congruent’ (Mohatt & Erickson, 1981), ‘culturally responsive’ (Cazden & Leggett, 1981; Howard & Terry, 2011), and ‘culturally compatible’ (Jordan, 1985; Vogt et al., 1987)
have been used to describe pedagogies representing these new genera of thought. According to
Gay (2000) and Ladson-Billings (1995), there is great value in non-Western knowledge that
backs societal structures through research, theory, and practice. Mainstream ideologies in mathematics education have been challenged by critical scholars, such as Civil (2018) and Martin
(2010). These scholars questioned such ideas as what counts as mathematics, who is good at
mathematics, and when mathematics is useful.

21
Leonard (2020) highlighted the need for mathematics educators to teach mathematics for
social justice and promote equality in the classroom. Leonard (2020) noted several mathematics
teacher educators and teachers of mathematics have created a curriculum that demonstrates how
to “problematize” issues of significance to the community. Topics such as Quality education
(Ladson-Billings, 2017), equal protection under the law (Hill, 2016), equal housing (Rothstein,
2017), and health and wellness (Akom, 2011) are topics that can be mathematized to teach mathematics for cultural relevance and social justice. Leonard (2020) also recognized that some justice-oriented lessons have already been produced and can be used to link mathematics to the
Black Lives Matter movement: Himmelstein (2013) used Stop-and-Frisk as the basis for learning
about central tendency. Similarly, Gutstein (2013) investigated Driving While Black or Brown
with his students in Chicago, Illinois. In these lessons, students used probability to compare the
actual number and percentage of traffic stops by race.
Klasen (2001) suggested that social exclusion is “socially generated barriers that reduce
the ability of the excluded individuals to interact with society” (p. 416). Mathematics education,
because of its role as a gatekeeper (Stinson, 2004), can be considered a socially generated barrier
that reduces the ability of individuals to interact with society. Mathematics education programs
are developed and implemented as tools of power (François, Coessens, & Van Bendegem, 2014).
We must acknowledge the notion of power to understand and analyze the politics of knowledge
and how it operates in mathematics education. Mathematics cannot be understood or taught separately from its cultural environment and its power mechanisms (François & Van Kerkhove,
2010).
In one such study, Raygoza (2016) used a critical practitioner research approach to investigate the outcome of a culminating course youth participatory action research (YPAR) project.

22
Her ninth-grade students conducted a quantitative study on school food injustice. Students developed a critique of societal oppression, motivation for social justice (Solórzano & Delgado Bernal, 2001), and critical mathematical literacy (Gutstein, 2006). The research questions that
guided this research were: (a) How can a mathematics classroom develop as a beloved community lay a foundation for transformative resistance? (b) How can YPAR in a mathematics classroom help students engage in transformational resistance as they build critical mathematical literacy? Transformational resistance is defined as the act of seeking social justice and critiquing societal oppression.
Raygoza argued that YPAR projects support students’ development of positive mathematical and researcher identities, contribute to change for social justice, and engage students in
critical quantitative thinking around issues of social issues that are relevant to their lives and
daily experiences (Gutstein, 2006). The study found that students show more confidence and are
better problem solvers using mathematics to analyze social injustices. Raygoza believed that the
students who participated in the research project demonstrated more positive mathematical identities as they began to engage in the process of “reading and writing the world with mathematics”, solving problems, and building mathematical literacy.
In an exploratory case study, researchers Kant, Burckhard, and Meyers (2018) explored
how certain culturally relevant STEM learning activities combined with traditional Native arts
and crafts increased interest in STEM studies and careers. The participants in the case study were
high school girls at Flandreau Indian School (FIS). The researchers gathered and reported student
responses after engaging with participants in culturally-based STEM enrichment activities intended to deepen STEM interest and demonstrate relevance to the participants’ everyday lives. A
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two-part post-survey and a post-focus group of participants were created to collect both quantitative and qualitative data. The study’s theoretical perspective included aspects of Paulo Freire’s
(1970 and 1976) critical pedagogy movement and liberation theology. Results indicated that culturally relevant STEM enrichment activities combined with Native arts and crafts increased interest in STEM studies and careers for participants in the study.
In a qualitative case study, Al-Gasem (2015) described the mathematical identity formation of female Latina students that were active in their school’s Ethnomathematics Club. The
19 members range in years of membership and grade level. The study examined the influence
that their participation in the Ethnomathematics Club had on perceptions of continued interest in
mathematics, including taking higher-order math courses or aiming toward mathematics-related
courses. The five-month study observed the girls’ interactions during club sessions. The following questions guided the research: (a) How does the Ethnomathematics club influence female
students' (i) interest in mathematics and continuation in math, (ii) mathematical knowledge as
measured by a Criterion test, and (iii) involvement in academic mathematics? (b) What are the
sociocultural perceptions related to math that circulate in the classroom and the Ethnomathematics Club? (c) How do the Ethnomathematics club activities influence the girls’ presence within a
mathematical context? (d) How does the Ethnomathematics club influence the girls’ ability to
explain and carry out math concepts? The results of the study found that the longer students remained in the Ethnomathematics Club, the more assured the students were about presenting, they
gained a stronger mathematical identity and a clearer perspective of where they were heading in
their career path, supported and helped more regarding the content matter. The girls in the study
saw the world as patterns and mathematical stories.
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In another study, Black, Williams, Hernandez-Martinez, Davis, Pampaka, and Wake
(2009) employed CHAT to explore the key ‘significant’ activities that help students construct
their mathematical identities based on their experiences when they engaged in various mathematical activities of the past. They asserted that students’ idea of mathematical identity is historical
in nature and develops from how the students view themselves. However, the researchers also
stated that mathematical identity is fluid. As students engage in different activities through the
course of their lives, their concepts of identity change. Because of the fluid nature of identity, the
researchers argued that it is important that educators and policymakers recognize the various motivations students have for studying mathematics and offer appropriate ways of promoting positive self-identity in the teaching and learning mathematics.
Karen Pittman, a sociologist and co-founder, president, and CEO of the Forum for Youth
Investment, in an interview with Edutopia (George Lucas Educational Foundation) stressed the
importance of student’s racial and cultural identities in the classroom. She contended that the
ways educators have set up opportunities for learning and development in this country are not
always respectful to the diversity of students. Pittman also asserted that students should lead with
their identity in the classroom, they should show it off and be proud of it. This sense of pride
leads to students bringing “themselves” into the classroom.
Teaching Black Children Mathematics in a Virtual Classroom
“Say it loud, I’m Black and I’m proud.” (James Brown)
Black homes are often characterized by high levels of movement, multiple and simultaneous sources of sensory stimulation such as music and movement, and a value system that prioritizes group over individual effort (Bailey & Boykin, 2001; Boykin, 1983; Boykin, Tyler, & Miller, 2005; Tyler, Boykin, Boelter, & Dillihunt, 2005; Tyler, Boykin, Miller, & Hurley, 2006).
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The cultural styles found in many Black homes are at odds with the cultural styles of traditional
American classrooms (Boykin, 1983, Pai, Alder, & Shadiow, 2006). This clash of styles creates a
cultural disconnect between home and school which impacts school experiences and performance of Black children (Boykin & Bailey, 2000). The traditional separation of school and home
allows for this clash of styles to exist, but what happens when home becomes school.
In an online seminar entitled “Moving Beyond the Packet: Creating More Culturally Responsive Distance Learning Experiences”, Hammond (2020) proposed three design principles of
culturally responsive instruction that supports students’ cognitive development in a virtual classroom: (a) expand background knowledge in context, (b) cultivate information processing skills
with cognitive habits, and (c) enrich word wealth through contextualizing word study. According
to Hammond (2014), students learn by connecting what they already know to new material.
Hammond (2020) continued to suggest that one benefit of students learning from home instead
of a physical classroom is that when students are at home, they are in a familiar space that is rich
in family and community practices and knowledge. Hammond (2020) added that when teachers
must get to know their students and use the cultural backgrounds of the students to enrich lessons, teachers can use this knowledge to inform the ways the students process and retain information. Hammond (2020) also stated that it is important to build cognitive routines during distance learning because these routines are necessary for students to process new information.
Summary
Although other mathematics educators have created culturally-based lessons similar to
those taught in this research investigation [i.e., Geometry, Measurement, and Symmetry in Art
(Zaslavsky, 1994), Investigation of the Great Pyramid of Giza (Peace, 1997), and logic in African philosophy through a systematic exploration of Yoruba proverbs as a useful cultural resource
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(Fayemi, 2010)], the rise of a global pandemic forced the need for a paradigm shift in teaching
pedagogy; the physical classroom became a virtual one.
Research has shown that culturally relevant and critical pedagogies, which effectively use
the cultural capital that Black students bring to the classroom, also show promise in increasing
both mathematics participation and achievement for Black students (Gutstein, 2006; Leonard,
2008). According to Ukpokodu (2011), teaching mathematics in a culturally responsive way
means that teachers must understand that mathematics is a human activity that is rooted in people’s culture and that mathematics attempts to describe and understand physical and social phenomena (Greer & Mukhopadhyay, 2005).
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3 METHODOLOGY
In the summer of 2020, the spread of COVID-19 ravaged the globe. Face-to-face educational interactions were minimized in schools worldwide. During this summer, I had the opportunity to plan the high school curriculum for a virtual STEM summer camp that focused on leveraging the development of community-based partnerships to increase access, equity, and diversity of high-quality informal STEM programs. The four-week program targeted populations who
are underrepresented in STEM fields. One of the program’s goals was to improve the students’
interests, identity, and engagement in STEM.
study aimed to investigate students' abilities to recognize the relevance of mathematTableThis
1 (continued)
ics to their lives and examine changes in students' development of cultural and historical literacies after engaging in an ethnomathematics curriculum during a virtual summer STEM camp.
During the virtual classroom sessions, the students explored geometry and trigonometry and how
mathematics traveled across cultures and civilizations from the continent of Africa. In addition,
students examined how patterns emerge and mathematics abounds in cultural activities while
delving into the basic concepts of geometry. These basic topics included the study triangles, area,
surface area, volume, and deductive reasoning.

Research Questions
This study was guided by the following research questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
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3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
This chapter includes seven sections on methodology. The first section discusses the research design. In the second section, the research setting is described as well as the role of the
researcher. The following three sections include the data collection plan, the data management
plan, and data analysis. The final two sections include confidentiality and ethical issues related to
the project and a section dealing with the trustworthiness of results.

Research Design

Yin (2017) defined a case study as having the following three characteristics: (a) it is an
empirical research method that investigates a case (a contemporary phenomenon) as it exists in a
real world, (b) the boundaries between the phenomenon being studied and the context in which it
is studied are not clearly defined, and (c) multiple sources of evidence are considered in the data
analysis. Yin (2017) also asserted that “what” research questions are constructed to develop a
relevant hypothesis for further study and are exploratory in nature. Yin (2017) listed three conditions that determine the use of a case study method: (a) the type of research question, (b) the degree of researcher control over the event being observed, and (c) the degree of focus on contemporary events being observed.
Per Yin’s first condition in determining the use of a case study method, this research
study was intended to examine “what” effects teaching ethnomathematics lessons had on the development of students’ cultural and historical literacies in mathematics. Yin (2017) asserted that
“what” questions are exploratory since these questions allow for the development of hypotheses
and propositions which lead to further inquiry. Concerning Yin’s (2017) second condition, the
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degree of researcher control over the event being observed, individual engagement is an intrinsic
trait of the subjects. The ethnomathematics lessons taught during this study were constructed
with the intention of being empowering; however, each student’s development of cultural and
historical literacies in mathematics was determined by the subject. As a third condition, Yin
(2017) stated that a case study method should be employed when the event of study is “contemporary”. Although CHAT involves the influence a subject’s history has on the subject’s actions
(Engestrom, 1987), the study was specifically designed in response to the events of the summer
of 2020. As suggested by Yin (2017), a single case design should be employed to explore a case
that is unusual and deviates from everyday practice, such as the learning of mathematics.
As noted earlier, choosing to explore how the introduction to ethnomathematics impacted
the development of cultural and historical literacies in mathematics of students was a personal
desire, a self-yearning need, and an intrinsic need. Stake (1995) defined an intrinsic case study as
a case that is examined “when we get curious about a particular agency, or when we take the responsibility of evaluating a program” (p.3). This study was driven by the desire of the researcher
to explore the case at hand and not the need to prove a theory or to generalize a phenomenon
(Baxter & Jack, 2008; Stake, 1995). The single “case” of high school students bounded by the
constructs of a virtual mathematics classroom was explored. This exploration was accomplished
through observation of recorded lessons in a virtual classroom, the examination of student-created artifacts, the review of researcher journals, and the evaluation of student discourse. Hence,
this study was specifically a single intrinsic case study.
Research Setting
The setting for this research project was a virtual STEM summer camp. The four-week
program was designed to mentor students who are underrepresented in STEM fields. The camp’s
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goal is to equip these students with the knowledge, resources, and skills they will need to become
scientifically literate and productive citizens. The camp provides exposure to STEM careers with
hopes of generating interest in those careers. The camp’s curriculum integrates technology, engineering, and mathematics instruction into science. Classes in the summer program are structured
in a way that values the students’ lived experiences. The camp also values a community-based
and participatory learning environment approach. In past years, the camp had been taught face to
face. However, due to the spread of COVID-19, the 2020 summer camp was virtual. The lessons
were taught via Zoom.
Participants
The high school students in the program represented diverse racial, socioeconomic, and
educational backgrounds. The camp participants were students of color located in the continental
United States and the Caribbean. This study included a qualitative sample of participants in the
program who were observed as they were immersed in an ethnomathematics lesson in a virtual
mathematics classroom. Because the students in the course are all under the legal age of consent,
parent approval was required for each student's participation in the research study. Parents were
asked to sign consent forms and were informed of the details of the research study at the beginning of the summer program.
No students were coerced into participating in the research study. All students participating in the study did so voluntarily with informed parental consent. The data collected in his study
guided the selection of the five students chosen to be participants. The five participants regularly
attended the course, were engaged in the course, and demonstrated evidence of each of the research themes. In agreeance with CHAT, this study used “activity” as the unit of analysis
(Engestrom, 1987), not the individual. For purposes of this research study, the focus was on the
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work the participants produced and not on the participants themselves. Each participant will be
referred to by a pseudonym so as not to be identifiable. The table below lists the demographics of
each of these five students:
The table below list the demographics of each of these five students:
Table 2
Study Participants Demographics
Student Identi-

Ethnicity

fication

Gender (as re-

Rising Grade

ported by stu-

Level

Location

dent)

Quinn

Black

Female

10th

Dallas, TX

Tricia

Black

Female

11th

Covington, GA

Alex

Black

Male

9th

Grand Prairie, TX

Jonathan

Black

Male

12th

Atlanta, GA

Aliyah

Black

Female

11th

Atlanta, GA

The study participants were all Black students located in the continental United States.
The first participant selected was referred to as Quinn. Quinn was a very eager and active participant in the course. Quinn identified as a Black rising tenth-grade student from Dallas, Texas. The
second participant selected was referred to as Tricia. Tricia was a world traveler and a very critical thinker. She identified as a Black rising eleventh-grade student from Covington, Georgia. The
third participant selected was referred to as Alex. Alex was not as enthusiastic about the course
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in the beginning. However, he seemed to learn to appreciate mathematics as more than just “a
bunch of numbers and symbols”. Alex identified as a Black rising ninth-grade student from
Grand Prairie, Texas. The fourth participant selected was referred to as Jonathan. Jonathan was
also a very critical thinker and a bit skeptical (at the beginning of the course) of the inclusion of
culture in the mathematics classroom. Jonathan identified as a Black rising twelfth-grade student
from Atlanta, Georgia. Finally, the fifth participant selected was referred to as Aliyah. Aliyah
was probably the most active participant in the course. Aliyah’s mathematical ability and ability
to make connections to the real world were impressive. She identified as a Black rising eleventhgrade student from Atlanta, Georgia.
Researcher Role
As the project researcher, I designed the curriculum, taught the lessons, collected the
data, and analyzed the data. To alleviate concerns that may have arisen due to the teacher being
the researcher in the case of this study, I was constantly aware of and reflected on how my role
as the teacher/researcher influenced the conclusions drawn (Maxwell, 2012).
Data Collection Plan
The data collection for this study was based on Yin’s (2017) four principles of data collection: (a) using multiple sources of evidence, (b) creating a case study database, (c) maintaining a chain of evidence, and (d) securing the safety of the data. Following Yin’s (2017) suggestion to use as many data sources as possible, multiple data sources were collected and triangulated. Qualitative data included recorded virtual lessons, researcher journals, student discourse,
and student-created artifacts.
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Virtual lessons were recorded as they participated in Zoom work sessions. Yin (2017) argued that observational data is useful in obtaining information on a new curriculum at work. Observations of recorded virtual lessons were made in each of the classes for the duration of summer camp. Notes of the recorded lessons were transcribed in a researcher’s journal and noted evidence of student engagement, virtual classroom culture and climate, physical and cognitive tools
employed by students, and student discourse while immersed in an ethnomathematics lesson.
In addition to the observations of the recorded lessons, virtually created artifacts of selected students were collected. Yin (2017) asserted that artifacts could be insightful in evaluating new curricula and their effects. Student artifacts included but were not limited to problemsolving work samples and student-created examples of mathematically related cultural artifacts.
Data Management Plan
As noted in his principles of data collection, Yin (2017) asserted that data collected in a
research study must be organized into an orderly compilation and that precautions should be
taken with the collection, storage, and usage of data. The data sources are links of recorded sessions stored in a password-protected database.
Data Analysis
Yin (2017) described four general strategies for the analysis of the data collected; (a) relying on theoretical propositions, (b) working from the ground up, (c) developing a case description, and (d) developing rival explanations. Yin (2017) also suggested that triangulation strengthens reliability and validity when the evidence is gathered from various sources. The convergence
of this data aided in constructing validity for the study. The research design of this case study
was exploratory in nature. The research questions sought to explore how the inclusion of ethnomathematics lessons influences students’ abilities to recognize the relevance of mathematics to
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their lives and to examine changes in students' development of cultural and historical literacies
after engaging in an ethnomathematics curriculum.
In this research study, lessons taught via Zoom were recorded. Transcriptions from observation notes of recorded lessons will be analyzed using qualitative techniques. As stated by Saldana (2015), the primary goal of the researcher is to find patterns of action and consistencies. Coding techniques developed by Saldana (2015) were employed to isolate distinct concepts
and categories in the qualitative data. Patterns, which consist of words or phrases that are repetitious in the transcripts, were isolated and evaluated. Saldana (2015) stated that these patterns exhibit one or more of the following six characteristics: (a) similarity – occurs the same way, (b)
difference – occurs in predictably different ways, (c) frequency – occurs often or occurs seldom,
(d) sequence – occurs in a particular order, (e) correspondence – occurs in relation to other
events, and (f) causation – one pattern causes another pattern. Relevant words and word phrases
that described factors of motivation and levels of student engagement were identified. Themes
that highlight problem-solving skills and conceptual understanding were identified in the coding.
Observations of recorded lessons were recorded using field notes created by the researcher. Silverman (2008) suggested questions researchers should consider when conducting
observations and writing field notes. These questions included: (a) What were the participants
doing? What were the participants trying to accomplish? (b) How exactly was the goal being accomplished? (c) How did the participants characterize and understand the activity? (d) What assumptions did the participants make? (e) What did the researcher learn from these notes? (f)
Why were these notes included? (g) How did the researcher feel about collecting the data?
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To investigate the ways in which specific components within ethnomathematics tasks and
activities influence Black students’ development of cultural and historical literacies in mathematics and how students incorporate their culture into ethnomathematics tasks and activities designed to help them develop their cultural and historical literacies in mathematics, this research
study used “activity” as the unit of analysis. Engestrom (1987) stated that in order to investigate
the activity involved in the learning of ethnomathematics lessons, the activity should be investigated as a collective system. The activity system included six components deemed necessary by
Engestrom (1987, 1999). (a) The subjects were defined as those who were motivated to act in obtaining a solution to a problem. (b) The object was the proposed problem. (c) The tools were materials such as artifacts and behaviors used to achieve a goal. (d) A division of labor was based
on the social organization of the subjects. (e) The community was the social-cultural group in
which activity exists. (f) Finally, the rules were conventions used by the subjects that are influenced by social-cultural and historical factors of subjects. Each of the components of the unit of
analysis was observed and analyzed.
Analyzing human action only from the individual level neglects community interactions,
and analyzing human action only from the social level may neglect the perspectives of the individuals (Engestrom & Cole, 1997). Leont’ev’s (1981) second generation CHAT contends that
the actions of an individual are embedded within an activity system including the subject, the object of action, and a community engaged in collective activity. Leont’ev (1981) also asserted that
it is only when human actions are analyzed in the context of collective activity that these actions
make sense.
Since educators should measure curricula against the unique needs of the students and the
community (Muhammad, 2020), the four layers of CHRL will be used to evaluate each of the
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lessons taught in the research study. Lessons will be evaluated based on how well they conceptualize identity development, skills development, intellect, and criticality (Muhammad, 2020).
Student-created artifacts were examined to determine how ethnomathematics lessons enhance Black students’ ability to connect the mathematics they learn in the classroom to the mathematics in their lives. NCTM (2000) process standards highlighted the mathematical processes
students draw on to acquire and use their mathematical content knowledge. The process standards were problem-solving, reasoning and proof, communication, connections, and representation. This research project focused on the last three process standards, communication, connections, and representation. Communication was characterized by organizing and consolidating
mathematical thinking through communication, communicating mathematical thinking coherently and clearly to peers, teachers, and others, and using the mathematical language to precisely
express mathematical ideas. Connection was characterized by recognizing and using connections
among mathematical ideas and recognizing and applying mathematics in contexts outside of academic mathematics. Representation was characterized by creating and using representations to
organize, record, and communicate mathematical ideas and using representations to model and
interpret physical, social, and mathematical phenomena.
Limitations
By mid-April 2020, the United Nations Educational, Scientific and Cultural Organization
(UNESCO) reported that 192 countries, including the United States, had closed schools and universities. In the United States, schools were physically closed, but many were virtually open.
Over 90% of the world’s learners were affected by the closures. As previously stated, in past
years, the STEM camp had been taught face to face; however, due to the spread of COVID-19,
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the class observed for research purposes was virtual. The participants only interacted with each
other virtually.
Confidentiality and Ethics
This research study always employed methods to ensure that the confidentiality of all research data and the anonymity of each subject be protected. Each individual subject’s data was
matched with non-identifiable demarcation. Subjects’ names or other identifiers were not used.
Participant privacy and safety were guarded and protected using protocols that did not link participant’s responses or artifacts to an identifiable person. The actual camp name will also not be
disclosed.
The protection of participants is an important principle in research. All efforts were being
made during this research project to ensure that harm and danger were non-existent in the study.
The researcher/teacher’s actions included only those intended to examine student classroom performance as ethnomathematics lessons are taught. Participation in the study was voluntary and
required informed parental consent. IRB approval was obtained to maintain the privacy and confidentiality of the participants. The reporting of findings was handled ethically and accurately to
protect the participants and the community in which the investigation was conducted.
There were no risks for any of the participants in this study. Benefits included exposure
to human aspects of mathematics, such as the creation and discovery of mathematics, from diverse cultural perspectives.
Trustworthiness and Validity
In this study, the researcher was the virtual classroom teacher. In order to ensure that the
results of the study are trustworthy and valid, several precautions were taken, and a constant
awareness of researcher bias was maintained. Pilot and Beck (2014) defined the trustworthiness
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of a research study as the degree of confidence in data, interpretation of the data, and methods
used to ensure the quality of the research study. Connelly (2016), asserted that quantitative research should be credible, dependable, and confirmable.
The research study was conducted using standard procedures commonly used in single
case study research. The teacher/researcher purposely observed selected students’ activity and
discourse during ethnomathematics lessons with limited involvement beyond the teaching of the
lesson and initial activity instructions. The teacher/researcher also created a climate of trust in
the virtual classroom to ensure that students were willing to express themselves freely in the
classroom.
The researcher kept detailed field notes of observations of recorded lessons during various times and activities of the research period. As previously stated, researcher field notes were
separately considered objective observations and researcher reflections.
Summary
The research design of this case study is exploratory in nature. The research questions
sought to investigate students’ abilities to recognize the relevance of mathematics to their lives
and examine changes in students' development of cultural and historical literacies after engaging
in an ethnomathematics curriculum during a virtual summer STEM camp. Since this single intrinsic case study was interested in giving an overview of students’ abilities to recognize the relevance of mathematics to their lives and to examine changes in students’ development of cultural
and historical literacies after engaging in an ethnomathematics curriculum, the nature of the research question hindered the need to seek generalizations.
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Yin (2017) suggested that triangulation strengthens reliability and validity when the evidence is gathered from a variety of sources. The convergence of this data helped aid in constructing validity for the study. Collecting from the various sources mentioned addressed the validity. Yin (2017) stated that maintaining a chain of evidence increases the construct validity of a
procedure. A chain of evidence was maintained to ensure that the evidence collected was accurate and consistent with the protocols and procedures.
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4 The Journey

My Journey - Solving for m
Let m = me in the equation of mathematics. Early in my life, m was easy to solve for - m
was just a simple one step equation. I have always been “good” at mathematics. As a very young
child, I loved mathematics. I could add, subtract, multiply, and divide before I entered kindergarten. My kindergarten teacher realized early that my mathematical skills were beyond those of my
peers and arranged for me to attend first-grade mathematics classes. In the first-grade mathematics class, I was placed in the highest mathematics group and excelled. After first grade, I was
placed in the gifted program.
In middle school, the equations of mathematics became more complicated. Many other
terms were added to the equation, m was harder to solve for. I was the only female in a gifted
mathematics class. I was not only the sole female student in the class, and I was only one of three
Black students in the class. The teacher of the gifted mathematics class made her view of me being in the class very apparent. She said that I did not belong in the class and often belittled me in
front of the other students. I began to see myself and my mathematical abilities through her eyes.
Following my teacher’s misguided advice, I left the gifted class and enrolled in an accelerated
mathematics course. I learned that inverse operations were needed to “undo” the damage caused
by my gifted mathematics teacher. With the proper encouragement from my accelerated mathematics teacher (a Black man), I once again excelled at mathematics.
While matriculating at my high school for gifted students, the equation of mathematics
became even more complicated. There were new terms, new functions, and even new variables.
The process of solving for m was no longer the goal of mathematics. I learned to and was expected to, solve for multiple new variables. The m was no longer important in mathematics.
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Mathematics was not at all about “me”; it was about solving for all those other variables, or so I
thought.
In the process of earning a Bachelor of Science degree in Mathematics, I saw glimpses of
m once again in the Black professors that taught me mathematics. However, the variable was nowhere to be found in the coursework. After graduating, I went on to teach multiple levels of
mathematics. The m in mathematics was no longer a forethought; there was no “me” in mathematics. I was just “very good” at learning and then teaching mathematics.
After teaching mathematics for several years, I decided to return to graduate school. As a
graduate student at Georgia State University, I enrolled in a course that would forever change the
way I view what counts as mathematics and who counts as a mathematician. I would once again
discover the great significance of the m in the equation of mathematics. The course was entitled
Introduction to Ethnomathematics.
In this course, I unearth and learned to solve for m again. Until my introduction to ethnomathematics, I had only been exposed to the history and implementation of mathematical ideas
from a Eurocentric perspective. I had never examined mathematical concepts from a cultural
viewpoint. I had never really considered myself a mathematician; the mathematicians I had
learned about were primarily white, male, and old or dead. My views of mathematics were fundamentally changed by the end of the course.
In the course, I learned that mathematics involved much more than solving equations;
mathematics involved counting, locating, measuring, designing, playing, and explaining (Bishop,
1988). I learned that mathematical knowledge consisted of everyday societal problems, more significant problems that affect all humankind, and the endeavors of humans to create meaning of
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the world around them (Rosa & Orey, 2003). I learned the value of and how to solve for m again.
I gained a new passion for and appreciation of mathematics.
Guiding Students to “Solve for m” at a Critical Time in a Virtual Space
The year 2020 was a year of unexpected change worldwide, especially for Black in America.
The first six months of 2020 brought about significant paradigm-shifting events that altered the
everyday existence of many people in the world, especially those living in the United States of
America. A global pandemic, coronavirus, ravished the world, and the resurgence of the Black
Lives Matter movement forced Americans to reflect on what needed to be done to empower
Black lives. As a mathematics educator, it was more important than ever to do what I could to
empower Black students.
Creating Ethnomathematics Lessons
Sarfo-Mensah (2020) suggested a four-step process for creating lessons that connect the
mathematical content taught in the classroom to the lives of the students: (a) select a topic or issue that is relevant to the racial and cultural composition of the students being taught (Gutstein
and Peterson, 2005), (b) gather background information on the topic that will lead students to
make their conclusions about the topic; this background information may include sources such as
statistics, graphical representations, geometric diagrams, or functional relationships, (c) identify
the mathematics skills (aligned with appropriate academic standards) required to construct mathematical arguments, and (d) determining the final work product that allows students to demonstrate mastery of the mathematics skills and knowledge of the chosen topic.
The ethnomathematics curriculum created for the purposes of this research study was developed for a virtual STEM summer camp and employed the four steps suggested by Sarfo-Mensah
(2020). The lessons explored geometry and trigonometry and how mathematics traveled across
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cultures and civilizations from the continent of Africa. The students examined how patterns
emerge and mathematics comes out in cultural activities. The lessons were partitioned into four
units: Introduction to Geometry, Triangles, Area and Surface Area, and Deductive Reasoning.
Each unit culminated with the students creating a model of or emplaning a real-world example of
the mathematic concepts taught in the unit.
Instruction took place over four weeks from mid-June to mid-July 2020. Each virtual
class session was forty-five minutes long. Instruction was provided via interactive PowerPoint
presentations in a virtual classroom. Students used the chatbox to ask or answer questions during
the learning session. Students were also asked to be present and fully engaged in the learning
sessions by having their videos on and their mics muted when not engaged in discussions or asking and answering questions. The table below describes the four-week curriculum:
Table 3
Camp Curriculum
Week

Mathematical

Cultural Link

Content Standard

Topic

1

Triangles

Freedom Quilts

MGSE9-12.G.CO.10 Prove theorems about triangles. Theorems include: measures of interior

properties, angle

angles of a triangle sum to 180 degrees; base

measures, classi-

angles of isosceles triangles are congruent; the

fications, Pythag-

segment joining midpoints of two sides of a

orean Theorem,

triangle is parallel to the third side and half the

trigonometry

length; the medians of a triangle meet at a

function (sine, co-

point.

sine, and tangent)
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Table 3 (continued)
Week

Mathematical

Cultural Link

Content Standard

Topic

MGSE9-12.G.SRT.8 Use trigonometric ratios
and the Pythagorean Theorem to solve right
triangles in applied problems.

MGSE9-12.G.CO.1 Know precise definitions
of angle, circle, perpendicular line, parallel
line, and line segment, based on the undefined
notions of point, line, distance along a line, and
distance around a circular arc.

2

Geometry Intro-

Geometry in Afri-

MGSE9-12.G.CO.3 Given a rectangle, paral-

duction

can Art and Arti-

lelogram, trapezoid, or regular polygon, de-

facts

scribe the rotations and reflections that carry it

points, segment,

onto itself.

lines, planes,
rays, angles, poly-

MGSE9-12.G.CO.4 Develop definitions of ro-

gons, transfor-

tations, reflections, and translations in terms of

mations,

angles, circles, perpendicular lines, parallel

strip patterns

lines, and line segments.

MGSE9-12.G.CO.5 Given a geometric figure
and a rotation, reflection, or translation, draw
the transformed figure using, e.g., graph paper,
tracing paper, or geometry software. Specify a
sequence of transformations that will carry a
given figure onto another.
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Table 3 (continued)
Week

Mathematical

Cultural Link

Content Standard

Topic

3

Area/Surface

Great Pyramid of

MGSE7.G.6 Solve real‐world and mathemati-

Area/Volume

Giza

cal problems involving area, volume and surface area of two‐ and three‐dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.

4

Deductive Reasoning

African Proverbs

(3) Construct viable arguments and critique the
reasoning of others. High school students understand and use stated assumptions, defini-

conditional state-

tions, and previously established results in con-

ments, converse,

structing arguments. They make conjectures

inverse, contra-

and build a logical progression of statements to

positive

explore the truth of their conjectures. They are
able to analyze situations by breaking them
into cases, and can recognize and use counterexamples. They justify their conclusions, communicate them to others, and respond to the arguments of others. They reason inductively
about data, making plausible arguments that
take into account the context from which the
data arose. High school students are also able
to compare the effectiveness of two plausible
arguments, distinguish correct logic or reasoning from that which is flawed, and—if there is
a flaw in an argument—explain what it is.
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Strengths and Challenges of Working in a Virtual Classroom
Even as an experienced teacher, adjusting to teaching in a virtual classroom created disadvantages and advantages. One disadvantage was the limited physical interaction among the
members of the class. As the teacher in the virtual classroom, I aimed to construct an inclusive
classroom community and positive learning environment. In order to build an inclusive classroom community in a virtual classroom, it was imperative to get to know the members of our
classroom. As previously mentioned, Hammond (2020) stated that when teachers get to know
their students and use the cultural backgrounds of the students to enrich lessons, this knowledge
can be used to inform the ways the students process and retain information. Introductions of each
class participant were made on the first day of the virtual course. As the course progressed, students incorporated aspects of their cultures in each unit.
Most of the students had designated spaces in their homes in which to participate in the
virtual summer camp. However, there are distractions at home that are alleviated in the physical
classroom. I could only see as much as the Zoom screen would show and could not control distractions, for example, their cell phones while participating in the class. In order to ensure active
participation in the virtual class, students were asked to keep their cameras on at all possible
times. Students responded to questions asked in class by unmuting their microphones or typing
in the Zoom chatbox. I selected random students to answer questions as lessons were taught. To
do this, I wrote each student’s name on a popsicle stick and selected sticks as lessons progressed.
The popsicle stick method gave the students added motivation to pay attention to the lessons because they did not know when their names might be called.
Access to traditional learning materials is also limited in a virtual classroom. For example, in my physical classroom, I have geometric, three-dimensional shapes that students can
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touch and feel. In our virtual classroom, the students had to rely on three-dimensional shapes
they found around their homes to measure and calculate surface area. The necessity for students
to substitute traditional learning materials with items in their homes helped foster their ability to
connect content learning to the real world.
Student Responses
Unit 1: Introduction to Geometry and Transformations
On the first day of our virtual class, I introduced myself and gave a summary of the
course content to the students. The students then introduced themselves to the class. As I often
do, I asked three very telling questions to the class. Question 1: What is mathematics? Without
hesitation, Alex replied, “A bunch of numbers and symbols.” Immediately after, Tricia replied,
“A required class.” For the following questions, I instructed the students to unmute their microphones and answer as a class. Question 2: Do you use mathematics in your everyday life? The
responses were a mix of “yes”, “no”, and “sometimes”, with most students replying “no”. The
most telling question was the third question. Question 3: Do you see your culture represented in
the mathematics you learn in school? All the students answered with a resounding “no”.
The virtual course instruction began with an introduction to geometry. Students reviewed
basic definitions of geometric terms and ideas which were used throughout the course. Students
were also introduced to the transformation of a geometric figure as a function or mapping that
results in a change in position, shape, or size of the figure. In addition to the exploration of transformations in geometric shapes, we also examined geometric transformations in the designs of
cultural artifacts such as African beadwork, Aztec and Native American textiles, and Moroccan
tiles.
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For our first activity, students were asked to participate in a “show and tell”. Students
were instructed to share an item or picture of personal significance with the class and describe
the geometric transformations displayed in the item. As an example, I shared pictures of the New
Orleans Mardi Gras Indians. I spoke of the history and traditions of the Indians, and we explored
the geometric transformations in the beadwork of their intricate costumes.
Figure 3
New Orleans Mardi Gras Indians.

Figure 4
New Orleans Mardi Gras Indian.

49
During the class period after the assignment was introduced, students shared their items.
Alex shared a Dashiki with the class. He said, “I am from Ghana, which is in west Africa. This is
something I got from there. It is like a shirt; the design is called Kente.” Moving his hand down
the middle of the shirt, he added, “This is like how you showed us yesterday, how you can split
it. Like this is the y-axis, it reflects on both sides like horizontal reflection.” Alex demonstrated
his knowledge of mathematical concepts of reflection about the y-axis. He was also able to connect geometric transformations to an everyday item, a shirt that has cultural value to him. In
sharing mathematics reflected in the design of his item, he also shared part of his cultural background.

Figure 5
Alex’s Dashiki from Ghana.

Upon learning that Alex was from Ghana, Quinn excitedly spoke up, “I am AfricanAmerican. I am also from Ghana”. As she pointed to the floral design, she said, “I have this
dress. It shows reflection right here. You can fold it.” Although Student #1 was able to connect
geometric transformations to a personal cultural item (her dress from Ghana), her understanding
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of reflection was flawed. She understood that reflection related to “folding”, but failed to consider the symmetry of her design. Mistakes in my virtual classroom were learning opportunities.
Her “mistake” lead to a class discussion about rotational symmetry.
Figure 6
Quinn’s dress from Ghana.

Tricia shared photographs from a family vacation. She stated, “This is a picture of my
family when we traveled to Shanghai, China. This is in front of the Oriental Pearl Tower. The
triangles which go all around the ball. The triangles flip every so often. I think it is rotation. If
you split it down horizontally, you see reflection. I also see rhombuses and diamonds”. Tricia
demonstrated her knowledge of mathematical concepts of reflection, rotation, and various geometric shapes. She was also able to connect geometric transformations to an architectural design.
She shared with us how her family enjoyed traveling the world and that they were fortunate to
visit China shortly before the Coronavirus outbreak. For participant anonymity, I have not included the photograph of the student’s family. Her photograph of the Pearl Tower is pictured below.
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Figure 7
Tricia’s picture of the Oriental Pearl Tower.

Jonathan shared one of his favorite hoodies with the class. He stated, “I have this hoodie
right here. It was one of the first hoodies I have gotten myself because I like collecting clothes
and hoodies and stuff like that. It doesn’t show rotation, but I guess it shows translation of the
NASA logo. That’s the thing I found that represents a little geometry in real life”. Jonathan
demonstrated his knowledge of geometric concepts of translation. He was also able to connect
geometric transformations to an everyday item, one of his favorite hoodies.
Figure 8
Jonathan’s NASA hoodie.

Aliyah shared another African cultural artifact with the class. She said, “I went to west
Africa last year. This is part of a shirt I got. The blue squares, when they go down and like this

52
(pointing to translated square), that’s a rotation.” Again, Aliyah’s omission of not considering the
patterns of the blue squares led to a teachable moment. The class discussed how the “rotation” of
the blue squares was actually translation because of the orientation of the pattern design. As our
discussion concluded, Aliyah affirmed, “Oh, so a 180° rotation of the blue squares is also a translation.” Aliyah’s self-correction demonstrated a better understanding of the geometric concepts
of rotation and transformation.
Figure 9
Aliyah’s shirt from Africa.

As we elaborated on our learning about geometric transformations, students were asked
to create their own “transformation art”. Students were given class time to design an artistic representation of the geometric transformation we discussed in our lessons. Some of the students
who had completed their artwork by the end of the class session volunteered to share their creations with the class.
Jonathan shared his artwork with the class, explaining, “I have four crescents and they are
rotated. I have a translation of two diamonds and I have two different hearts with stars behind
them. One star is bigger than the other. I think that is dilation.” Jonathan was able to correctly
illustrate the geometric transformations of rotation, translation, and dilation in his design.
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Figure 10
Jonathan’s geometric transformation artwork.

Alex described the transformations of his in his artwork, saying, “These are like slides, I
think that is translation (pointing to small dark triangles). The hearts are flipped, so I think that’s
called reflection. These ones are turned (pointing to large purple triangles). I think that is rotation.” Although Alex was not as confident about his description, he correctly identified the geometric transformations in his artwork.
Figure 11
Alex’s geometric transformation artwork.

Tricia described the transformations in her artwork as follows, “Some of my transformations are the hearts are translated, the blue triangles are rotated, the stars are translated, and
the lines are reflected.” Her artwork also included a rotation of her name, which has been redacted so as not to reveal her identity. Tricia was able to correctly illustrate the geometric transformations of rotation, translation, and reflection in her design.
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Figure 12
Tricia’s geometric transformation artwork.

Unit 1, our study of geometric transformation culminated with a virtual “artist talk” with
a renowned former Olympic artist. Our guest shared his life’s journey from being born in a
sharecropping hut to traveling the world as an artist. We examined the creation of one of his art
pieces from a mathematical perspective. His stories and art captivated the audience. Our guest
allowed the students in the class to ask him questions as he shared his story with us. The students’ questions reflected critical thinking as related to our guest’s journey as a Black artist and
practitioner of mathematics.
As our guest shared some of the mathematical concepts involved in the creation of his art,
such as geometric transformations, geometric constructions, proportions, and spatial awareness,
Jonathan asked, “Do you consider yourself a mathematician?”. The artist’s response indicated
that he had not thought of himself as a mathematician until he learned to see that mathematics
was more than the academic mathematics taught in the classroom. Jonathan’s question and the
artist’s answer reflect the critical questioning of what counts as mathematics and who counts as a
mathematician.
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After hearing of all our guest accomplishments and accolades, Quinn asked, “Have you
ever struggled just being black in the art field?”. The artist’s response was, “Every day.” The artist shared that despite his success, he was still plagued with the struggles of being not only a
Black artist but a Black man in the world. He shared several stories about how power, oppression, and privilege dictated how others perceived him.
Unit 2: Triangles
The second unit taught during the virtual summer camp focused on the characteristics of
triangles. The students learned to solve for angles and sides of equilateral and isosceles triangles,
the relationship between interior and exterior angles of a triangle, how to determine if triangles
are right triangles given side lengths, and how to use the Pythagorean Theorem to find the
lengths of missing sides of right triangles. Most of this instruction was provided via interactive
PowerPoint presentations in a virtual classroom. Students used the chatbox to ask or answer
questions during the learning session. Our discussion of the Pythagorean Theorem led us to the
discovery, investigation, and creation of Freedom Quilt squares.
Of course, most of the students had heard of the Pythagorean Theorem and had some idea
of who Pythagoras was. While discussing Pythagoras and his theorem, I asked the students if
they could name other mathematicians. Alex responded, “Isaac Newton,” Jonathan responded,
“Einstein,” and Tricia responded, “Archimedes.” I asked the class what all these mathematicians
had in common. Jonathan responded, “They white.” Alex then responded, “They dead.” Aliyah
then said, “Well, what about Katherine Johnson?” The students began to reflect on and question
why only “old, dead white men” were considered mathematicians.
After using the diagram shown below to illustrate a visual proof of the Pythagorean Theorem, I asked the students what the illustration reminded them of. Aliyah said that the diagram

56
reminded her of “bowties”, and Quinn said the diagram reminded her of “quilt squares.” These
answers provided the perfect transition to our discussion of Freedom Quilts.
Figure 13
Oriental Tile proof of the Pythagorean Theorem.

After learning about the history of Freedom Quilt, we explored Freedom Quilt patterns
and their significance. Students were tasked with creating quilt squares that convey a personal
message. Some of the students shared their quilt square designs and the messages they conveyed
with the class.
Figure 14
Freedom Quilt block designs.

Although most of the students mailed their quilt squares to the camp headquarters before
they were able to share them with the class (the quilt squares were part of a camp-wide project),
Aliyah shared her creation with the class. She stated, “I want to tell a story of the oppression in
America with my square. This fish is the representation of people of color in America. It says
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power and knowledge. The snake is the representation of brutality and oppression. The snake
thinks that poisoning of minds will cause the fish to be powerless. The more power and
knowledge the snake takes away, the more power and knowledge the snake is able to possess.
So, through determination to educate itself and become something greater than the snakes tells it
that it could be, the fish creates things that have never been discovered before because
knowledge is power.”
Aliyah continues, “The airplane represents mechanical engineering because I want to
study mechanical engineering in the future. I choose to let this airplane represent Black women
in engineering. Like Mary Jackson, Dorothy Vaughn, Katherine Johnson, and Mae Jemison. So,
the overarching theme that I want this square to represent is power in education.”
Figure 15
Aliyah’s quilt square.

Unit 3: Area and Surface Area
Unit 3 of the virtual summer camp mathematics curriculum focused on area and surface
area. In this unit, students learned to solve real‐world and mathematical problems involving the
area and surface area of two‐ and three‐dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms. After a review of area, students were asked to find
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three-dimensional objects in their homes. Each student then found the lateral and surface areas of
these objects.
Aliyah shared her surface area calculations for a cylinder. She explained, “My cylinder is
a can. I measured the diameter of the cylinder which was 2.5 inches. I divided that by 2 to get the
radius which was 1.25. The height is 3 inches. To find the lateral area, I plugged the radius and
height into the equation 2 times pi times radius times height. To find the area of the bases, I
squared the radius and multiplied it by pi. The first time I calculated it with the pi button, I got
23.56 square inches. That was an irrational number. So, I just kept the pi in and got 7.5 pi square
inches.”
Figure 16
Aliyah’s “cylinder”.

Aliyah continued, “I also have a box that is 9 by 6 by 3 inches. The perimeter of the top is
9+9+6+6 inches. I multiply that by the height of 3 and add the area of the two bases, which is
2(9x6). That is 198 square inches.” Aliyah demonstrated mathematical content knowledge of lateral area and surface area and was able to find three-dimensional geometric shapes in her home
to use for the activity.
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Figure 17
Aliyah’s “rectangular prism”.

Quinn also explained how she found the surface area of her rectangular prism. She explains, “The bottom of the box is a square. It is 3inches by 3 inches. It is a perfect square. The
box is 8 inches tall. The surface area of the box is the perimeter of the base, which is 12 times 8
plus two times the area of the base, which is 9. The total surface area of the box is 114 square
inches.” Quinn also demonstrated mathematical content knowledge of lateral area and surface
area and was able to find three-dimensional geometric shapes in her home to use for the activity.
Figure 18
Quinn’s “rectangular prism”.

As our culminating activity for this unit, the students watched a video about the Great
Pyramid of Giza and calculated the surface area and volume of the pyramid. These calculations
were done individually by each student, checked as a class.
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Figure 19
The Great Pyramid of Giza measurements.

Unit 4: Deductive Reasoning
The final unit of the virtual summer program was the shortest due to a holiday and culminating program activities. In this unit, students learned to construct logical arguments and explore the truth of their conjectures. After exploring African proverbs, students were tasked to
brainstorm about some problems they were able to overcome and how they were able to overcome them. Then the students chose one of the problems and wrote it as a conditional statement.
Each student then correctly found the converse, inverse, and contrapositive of their “proverb”.
Quinn’s Proverb:

If I try, then I will succeed.

Tricia’s Proverb:

If you are a student at ABC High School (name retracted), then
you got extra credit for completing online school.

Alex’s Proverb:

If all lives matter, then Black lives matter.

Jonathan’s Proverb:

If you don’t have anything nice to say, then don’t say anything at
all.

Aliyah’s Proverb:

If you don’t love your neighbor, then you cannot love God.

The proverbs constructed by the students demonstrated their knowledge of content
knowledge, understanding of mathematical language, ability to think logically, and ability to
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connect the content learned in class to “problems” in their lives. These proverbs spoke volumes
about the summer of 2020. Just as African proverbs are used to deliver messages of inspiration
and advice, so did the proverbs constructed by the students in this class.
Summary
When most students think of mathematics, they only think about formulas, equations, and
those “confusing” word problems. Students often describe mathematics as being difficult and
boring (Rosa & Orey, 2016). Rarely are students lived experiences part of the mathematics curriculum. According to Rosa and Orey (2003), understanding the nature of mathematics allows
students to view mathematics as a human activity rather than just a set of symbols, numbers, and
figures learned only in school.
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5 Data Analysis and Results

This study aimed to investigate students' abilities to recognize the relevance of mathematics to their lives and examine changes in students' development of cultural and historical literacies after engaging in an ethnomathematics curriculum during a virtual summer STEM camp.
During the virtual classroom sessions, the students explored geometry and trigonometry and how
mathematics traveled across cultures and civilizations from the continent of Africa. In addition,
students examined how patterns emerge and mathematics abounds in cultural activities while
delving into the basic concepts of geometry. These basic topics included the study triangles, area,
surface area, volume, and deductive reasoning.
This chapter examined the findings from the sample selected from a virtual summer
STEM camp high school mathematics class. The qualitative sample included five students selected from the mathematics classes. The case study addressed the following questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
The qualitative data collected consisted of data that included recorded virtual lessons, researcher journals, student discourse, and student-created artifacts. Following, I have outlined the
analysis techniques and results for the qualitative data. A summary will be provided after the discussion of the techniques and results.
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Data Analysis
A coordinated search for patterns, categories, and themes requires collecting multiple
data points occurring in a real-world context. In this research study, data were collected to examine the primary unit of the “activity” involved in the learning of ethnomathematics lessons included transcripts of recorded virtual lessons, researcher journals, student discourse, and studentcreated artifacts.
Descriptions, codes, and categories were extracted from the collected data to obtain
emerging themes using a four-step process: (a) initial coding, (b) descriptive coding, (c) pattern
coding, and (d) emerging themes as outlined by Saldana (2015). To demonstrate the four-step
coding process I used to analyze the data in this research process, I chose an excerpt from a student/teacher exchange with Tricia. The following discourse took place after the class learned
about the nature of African proverbs and were then asked to write a “proverb” in the form of a
conditional statement. Conditional statements imply a cause-and-effect relationship and are useful in Geometry. Mathematicians value conditional statements because of the relationship between the two events, the hypothesis, and the conclusion.
The proverbs created the by the students reflected a “problem” in their lives. After writing their proverbs in the form of conditional statements, students were asked to find the converse, inverse, and contrapositive of their conditional statements. Tricia gave the following response:
Tricia: “My proverb conditional statement is ‘If all lives matter, then Black lives matter.’”
Me: What does this statement mean to you?
Tricia: “It means that Black lives matter too.”
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Me: “What is the converse of your statement?”
Tricia: “My converse is ‘If Black lives matter, then all lives matter.’
Me: “Is this statement true?”
Tricia: “Yes, yes, yes. If Black lives matter then we also gotta help the Asians, the Hispanic, and the Native Americans to matter too.”
Me: What is the inverse of your statement?”
Tricia: My inverse is, ‘If all lives do not matter, then Black lives do not matter.
Me: “Is this statement true?”
Tricia: “I mean, Black lives are a part of all lives.”
Me: “What is the contrapositive of your statement?”
Tricia: “My contrapositive is ‘If Black lives don’t matter, then all lives don’t matter.”
Me: “Is this statement true?”
Tricia: “Yes.”
Step 1: Initial coding
Saldana (2015) defined a code as a word or phrase that gives connective characteristics
that summarize or assign a characteristic to collected qualitative data in written form or in the
form of imagery for the later purpose of pattern detection. I started the coding process at the onset of data collection based on Yin’s (2017) suggestion that the analysis of the data from an exploratory case study be continual and ongoing. Constant review of the data throughout the study
allowed for the development of codes to explore numerous facets of the unit of analysis.
The initial codes were based on the NCTM (2000) process standards which include the
mathematical processes of communication, connections, and representation and the ethnomathematics processes of connecting mathematics and culture. As previously stated, communication is
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communicating mathematical thinking coherently and clearly and using the mathematical language, connection is characterized by recognizing and applying mathematics in contexts outside
of academic mathematics, and representation is characterized by using representations to model
and interpret physical, social, and mathematical phenomena.
Table 4
Initial Coding
Excerpt from Tricia

My proverb conditional statement is

Initial Code

Connects African proverbs and conditional
statements, uses the term conditional statement,
says “My”

If all lives matter, then Black lives matter

Correct conditional statement, Black lives matter, says “if” and “then”

It means that Black lives matter too

Black lives matter

My converse is

Uses term converse, says “My”

If Black lives matter, then all lives matter.

Black lives matter, correct converse

Yes, yes, yes

Yes – Black lives/all lives matter

also gotta help the Asians, the Hispanic, and Helping other marginalized groups, white suthe Native Americans

premacy

My inverse is

Uses term inverse, says “My”
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Table 4 (continued)
Excerpt from Tricia

Initial Code

If all lives do not matter, then Black lives do Black lives matter, correct inverse
not matter.

Black lives are a part of all lives

Black lives, Black lives important as others

My contrapositive is

Uses term contrapositive, says “My”

If Black lives don’t matter, then all lives

Black lives as important, correct contrapositive

don’t matter.”
Yes

Yes - Black lives matter

Step 2: Descriptive coding
After the initial coding, I used descriptive phrases or terms to refine the coding. As recommended by Miles, Hubberman, and Saldana (2015), these descriptive phrases or terms were
used to collapse, and expand the initial coding. Saldana (2015) stressed the importance of this
step to organize or group similarly coded data into categories. Saldana (2015) also suggested that
descriptive coding works well when analyzing multiple forms of data such as transcripts, researcher field notes, and artifacts. The following 21 codes, not listed in order of identification,
were identified: (a) cultural awareness, (b) cultural identity, (c) cultural pride, (d) ethnomathematics learning, (e) mathematical content learning, (f) student thinking, (g) classroom discussion,
(h) use of mathematical language, (i) use of mathematical ideas, (j) mathematical computations,
(k) mathematical modeling, (l) artistic ability, (m) real-world application of concepts, (n) subject
integration, (o) student perception of ethnomathematics, (p) student perception of self, (q) stu-
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dent inquiry, (r) classroom environment, (s) personal attachment to content, (t) emotional attachment to content, (u) criticality, and (v) historical knowledge. An example of how initial codes
were refined into descriptive codes is below:
Table 5
Initial to Descriptive Codes
Initial Code

Descriptive Code

Connects African proverbs and conditional

cultural awareness, cultural identity, ethno-

statements, uses the term conditional state-

mathematics learning, use of mathematical

ment, says “My”

language, student thinking, mathematical
modeling, artistic ability, real-world application of concepts, subject integration, personal
attachment to content, historical knowledge.

Correct conditional statement, Black lives

cultural awareness, cultural identity, ethno-

matter, says “if” and “then”

mathematics learning, mathematical content
learning, use of mathematical language, mathematical modeling, real-world application of
concepts, student perception of self, personal
attachment to content

Black lives matter

cultural awareness, cultural identity, student
thinking, real-world application of concepts,
student perception of self, personal attachment to content

Uses term converse, says “My”

use of mathematical language, personal attachment to content
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Table 5 (continued)
Initial Code

Black lives matter, correct converse

Descriptive Code

cultural awareness, cultural identity, ethnomathematics learning, mathematical content
learning, mathematical modeling, student perception of self, personal attachment to content

Yes – Black lives/all lives matter

student thinking, student perception of self,
student inquiry, personal attachment to content, emotional attachment to content, criticality

Helping other marginalized groups, white su-

cultural awareness, cultural identity, student

premacy

thinking, student perception of self, personal
attachment to content, criticality, historical
knowledge

Uses term inverse, says “My”

use of mathematical language, personal attachment to content

Black lives matter, correct inverse

cultural awareness, cultural identity, ethnomathematics learning, mathematical content
learning, mathematical modeling, student perception of self, personal attachment to content

Black lives, Black lives important as others

cultural awareness, cultural identity, student
thinking, real-world application of concepts,
student perception of self, student inquiry,
personal attachment to content, emotional attachment to content, criticality
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Table 5 (continued)
Initial Code
Uses term contrapositive, says “My”

Descriptive Code

use of mathematical language, personal attachment to content

Black lives as important, correct contraposi-

cultural awareness, cultural identity, ethno-

tive

mathematics learning, mathematical content
learning, mathematical modeling, student perception of self, student inquiry, personal attachment to content

Yes - Black lives matter

student thinking, real-world application of
concepts, student perception of self, student
inquiry, personal attachment to content, emotional attachment to content, criticality

Step 3: Pattern coding
Based on the initial descriptive coding, Saldana (2015) proposed that pattern coding was
the next step in the analysis of qualitative data. In this step, codes were further examined to identify similarities between them. Codes that were similarly coded were grouped under one overarching category to describe a pattern. The label for each of the new categories represented a
deeper meaning of the connection between the codes.
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Table 6
Descriptive Codes to Categories
Descriptive Codes

use of mathematical language

Categories

Ability to communicate mathematical with
vocabulary

mathematical content learning, mathematical

Ability to make mathematical computations

computations

mathematical modeling, artistic ability

Ability to create mathematical models

subject integration, real-world application of

Ability to apply mathematical content to real-

concepts

world application

use of mathematical ideas, student thinking

Ability to create or demonstrate real-world
application of mathematical content

emotional attachment to content, personal at-

Contextual ownership

tachment to content

historical knowledge, cultural awareness, cul-

Ability to apply one’s own culture mathemati-

tural identity

cal content

classroom discussion, ethnomathematics

Ability to express cultural connection to

learning

mathematics

student inquiry, cultural pride

Student inquiry about cultural identity
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Table 6 (continued)
Descriptive Codes

Categories

criticality, classroom environment, student

Student questioning/reflecting on why cul-

perception of self, student perception of eth-

tural diversity is excluded the mathematics

nomathematics

classroom

Step 4: Emerging Themes
Categories created in the pattern coding process were examined for relationship and commonality, which provided even deeper context. The pattern coding process was the mechanism
that provided for the emergence of themes. During the movement through the coding cycle, it
was noted that the categories derived from the pattern coding were aligned with the tenets of
CHRL (Muhammad, 2020) and led to the emergence of three themes.

Table 7
Categories’ Alignment with the Tenets of CHRL
Categories

Tenets of CHRL (Muhammad, 2020)

1. Ability to communicate mathematical with

1. Demonstration of mathematical content

vocabulary

knowledge.

1. Ability to make mathematical computations
1. Ability to create mathematical models

2. Ability to apply mathematical content to

2. Ability to connect content learning to the

real-world application

real world

2. Ability to create or demonstrate real-world
application of mathematical content
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Table 7 (continued)
Categories

Tenets of CHRL (Muhammad, 2020)

3. Contextual ownership

3. Development of cultural and historical lit-

3. Ability to apply one’s own culture mathe-

eracies in mathematics

matical content
3. Ability to express cultural connection to
mathematics

4. Student inquiry about cultural identity

4. Criticality development

4. Student questioning/reflecting on why cultural diversity is excluded the mathematics
classroom

Three themes emerged from the analysis of the data. The first theme demonstrated mathematical content knowledge. Students were able to use mathematics vocabulary, create mathematical models, express cultural connections to mathematics based on their cultural backgrounds,
and connect content learning to the real world. The second theme demonstrated the students’
willingness to take ownership of their learning and the students’ ability to realize that math is
more than just numbers. The third theme demonstrated that immersion in ethnomathematics allowed the students to rediscover what counts as math and who counts as mathematicians. Evidence of each theme will be provided in the discussion that follows.
Evidence of Theme One - Demonstration of Mathematical Content Knowledge
The three NCTM (2000) process standards highlighted in this research study are the
mathematical processes that students draw on to acquire and use their mathematical content
knowledge. The process standards were problem-solving, reasoning and proof, communication,
connection, and representation. This research project focused on the last three process standards,
communication, connections, and representation. Communication was characterized by organiz-
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ing and consolidating mathematical thinking through communication, communicating mathematical thinking coherently and clearly to peers, teachers, and others, and using the mathematical
language to precisely express mathematical ideas. Connection was characterized by recognizing
and using connections among mathematical ideas and recognizing and applying mathematics in
contexts outside of academic mathematics. Representation was characterized by creating and using representations to organize, record, and communicate mathematical ideas and using representations to model and interpret physical, social, and mathematical phenomena.
The demonstration of mathematical content knowledge was characterized by more than
the ability to solve traditional mathematics problems. For the purposes of this research project,
evidence of content knowledge was demonstrated by the ability to use mathematics vocabulary,
create mathematical models, express cultural connection to mathematics based on their cultural
backgrounds, and connect content learning to the real world. Although each lesson was applied
to a cultural, real-world application of the mathematics taught in the course, the students did
solve some more traditional mathematics problems as they explored the geometric topics covered
in the course. Each student calculated their answers and typed them in using the chat feature in
Zoom or verbally shared their answers as I typed their responses on my shared Zoom screen.
For instance, when learning how to solve for missing sides of right triangles using the Pythagorean Theorem, the following example was shared on the screen:
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Figure 20
Pythagorean Theorem Example.

The students typed the following responses in the chat box:
Jonathan:

29

Tricia:

29

Jonathan:

x=29

Quinn:

x=29

For the same example, some students even typed explanations of their work in the chat
box. Aliyah’s typed the following:
“X=29>>because 20^2=400>>21^2=441 and>> 441+400=841 >>and the sqrt of 841 is 29”.
Students also demonstrated their mathematical content knowledge by demonstrating their
ability to use mathematics vocabulary as it relates to cultural artifacts and mathematical models.
In their descriptions of the geometric transformations in cultural items, the students used the
mathematical vocabulary terms we had discussed in the lesson. Alex described the transformations in his Dashiki as “horizontal reflection” over “the y-axis”. Tricia’s described the design
of the Oriental Pearl Tower as the “rotation” and “reflection” of triangles. She also recognized
other shapes, such as “rhombuses and diamonds” in the design. Jonathan described his hoodie as
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not showing “rotation”, but showing “translation”. Aliyah described her shirt as having a “180°
rotation” of the blue squares.
The students were also able to use mathematics vocabulary as they described the geometric transformation used to create mathematical models in the form of geometric “art”. Jonathan
described his crescents as “rotated”, the placement of his two diamonds as “translation”, and the
different sizes of his stars as “dilation.” Alex described the “translations” of small dark, triangles,
the “reflection” of hearts, and the “rotation” of large purple triangles in his artwork. Tricia described the transformations in her artwork, stating that her hearts were “translated”, her blue triangles “rotated”, her stars “translated”, and her lines “reflected.”
The ability to connect content learning to the real-world is characterized by the students
being able to apply mathematical content to real-world applications and to create or demonstrate
real-world application of mathematical content. Aliyah used a can of food from her pantry to
model a cylinder. She said, “I measured the diameter of the cylinder, which was 2.5 inches. I divided that by 2 to get the radius which was 1.25. The height is 3 inches. To find the lateral area, I
plugged the radius and height into the equation 2 times pi times radius times height. To find the
area of the bases, I squared the radius and multiplied it by pi. The first time I calculated it with
the pi button, I got 23.56 square inches. That was an irrational number, so I just kept the pi in and
got 7.5 pi square inches.”
Aliyah continues to describe how she calculated the surface of her “rectangular prism”.
She explains, “I also have a box that is 9 by 6 by 3 inches. The perimeter of the top is 9+9+6+6
inches. I multiply that by the height of 3 and add the area of the two bases, which is 2(9x6). That
is 198 square inches.”
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Quinn also explained how she found the surface area of her rectangular prism. She states,
“The bottom of the box is a square. It is 3inches by 3 inches. It is a perfect square. The box is 8
inches tall. The surface area of the box is the perimeter of the base, which is 12 times 8 plus two
times the area of the base, which is 9. The total surface area of the box is 114 square inches.”
In addition to being able to find geometric transformations in real-world objects such as
clothing and places, the students were also able to see connections between other mathematical
content and items in the real world. For instance, when shown Chinese tiles, which illustrate a
visual proof of the Pythagorean Theorem (see Figure 13), Aliyah said that the diagram reminded
her of “bowties”, and Quinn said the diagram reminded her of “quilt squares”.
Evidence of Theme Two - Ownership of Learning and Ability to Realize that Math is More
Than Just Numbers
The second theme to emerge was the ability to apply one’s own culture to mathematical
content and the ability to realize mathematics is more than just numbers. I have taught lessons on
conditional statements many times over my teaching career. In the past, students used textbook
conditional statements to demonstrate their ability to find the converse, inverse, and contrapositive of the given statement. In this research project, students created their own conditional statements based on a lesson that was relevant to their lives. In the past, students’ responses were always “the converse is ..., the inverse is ..., and the contrapositive is ...”. Instructing students to
construct their own conditional statements gave them ownership of the content, the word “the”
became “my”. In sharing her conditional statement, Tricia stated, “My proverb conditional statement is ‘If all lives matter, then Black lives matter... My converse is ‘If Black lives matter, then
all lives matter... My inverse is, ‘If all lives do not matter, then Black lives do not matter... My
contrapositive is ‘If Black lives don’t matter, then all lives don’t matter.”
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The students were also able to connect their cultures to the mathematical content taught
in the course. When Alex shared a Dashiki with the class, he said, “I am from Ghana, which is in
west Africa. This is something I got from there. It is like a shirt; the design is called Kente.”
Upon learning that Alex was from Ghana, Quinn excitedly spoke up, “I am African-American. I
am also from Ghana. I have this dress.” Aliyah shared another African cultural artifact with the
class. She said, “I went to west Africa last year. This is part of a shirt I got.”
When describing her quilt square, Aliyah demonstrated expressed her cultural identity as
a Black woman and expressed a cultural connection to mathematics, describing herself as a future mechanical engineer. Aliyah explained, “The airplane represents mechanical engineering because I want to study mechanical engineering in the future. I choose to let this airplane represent
Black women in engineering, like Mary Jackson, Dorothy Vaughn, Katherine Johnson, and Mae
Jemison.”
Incorporating culture in the classroom curriculum recognizes and affirms the diverse cultural backgrounds and experiences students bring to the classroom space, promotes positive attitudes, and empowers culturally diverse students (Gay, 2010).
Evidence of Theme Three – Rediscovering Who Counts as a Mathematician and What
Counts as Mathematics
As previously stated, while discussing Pythagoras and his theorem, I asked the students if
they could name other mathematicians. The responses included Isaac Newton, Einstein, and Archimedes. When I asked the class what all these mathematicians had in common, Jonathan responded, “They white,” and Alex responded, “They dead.” After reflecting on the response
given, Aliyah then said, “Well, what about Katherine Johnson?” The students began to question
why only “old, dead white men” were considered mathematicians.
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The sentiment of seeing others and not only “old, dead white men” as mathematicians
was again evident in a question Jonathan asked the artist who spoke to our class. He asked, “Do
you consider yourself a mathematician?” Quinn also reflected on the role race played in the life
of the artist “mathematician”. She asked, “Have you ever struggled just being black in the art
field?”. The artist responded, “Every day.”
One of the most profound examples of rediscovering mathematics through a critical lens
was found in the description of the quilt square that Aliyah created. She stated, “I want to tell a
story of the oppression in America with my square. This fish is the representation of people of
color in America. It says power and knowledge. The snake is the representation of brutality and
oppression. The snake thinks that poisoning of minds will cause the fish to be powerless. The
more power and knowledge the snake takes away, the more power and knowledge the snake is
able to possess. So, through determination to educate itself and become something greater than
the snakes tells it that it could be, the fish creates things that have never been discovered before
because knowledge is power.”
Aliyah’s representation of “power in education” is very powerful itself. As previously
stated, mathematics education is considered a “gatekeeper “(Stinson, 2004) and can be a socially
generated barrier that reduces the ability of individuals to interact with society. Mathematics education programs are developed and implemented as tools of power (François, Coessens, & Van
Bendegem, 2014).
Summary
Miles, Hubberman, and Saldana (2015) asserted that one of the strengths of well-collected qualitative data is the focus on naturally and regularly occurring events which enable researchers to understand what “real life” is like. Furthermore, qualitative data focused on people’s
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lived experiences are instrumental in establishing the meaning people assign to events, structures, and processes in their lives and in connecting these meanings to the real world. According
to Yin (2017), understanding the unit of analysis (students’ behaviors and performance as they
engage in ethnomathematics mathematics lessons in the case of this research study) requires attention to the analysis of the qualitative data and must start with an analytic strategy. The data
analysis performed in this research study provided evidence of each of the four themes that
emerged from the data: (a) demonstration of mathematical content knowledge, (b) ability to connect content learning to the real world, (c) development of cultural and historical literacies in
mathematics, and (d) criticality development.
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6 Discussion of Research Findings

This single intrinsic case study investigated students’ abilities to recognize the relevance
of mathematics to their lives and to examine changes in students’ development of cultural and
historical literacies after engaging in an ethnomathematics curriculum during a virtual summer
STEM camp. During the virtual classroom sessions, the students explored geometry and trigonometry and how mathematics traveled across cultures and civilizations from the continent of
Africa. Students examined how patterns emerge, and mathematics abounds in cultural activities
while delving into the basic concepts of geometry. These basic topics included the study triangles, area, surface area, volume, and deductive reasoning.

Research Questions
This study was guided by the following research questions:
1. In what ways do specific components within ethnomathematics tasks and activities
influence Black students’ development of cultural and historical literacies in mathematics?
2. How do students incorporate their cultures into ethnomathematics tasks and activities
designed to help them develop their cultural and historical literacies in mathematics?
3. How do ethnomathematics lessons enhance Black students’ ability to connect the
mathematics they learn in the classroom to the mathematics in their lives?
In this final chapter, the research findings from Chapter four will be discussed, and each
of the research questions will be answered. The chapter will conclude with a discussion of implications for practice and offer recommendations for future research.
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Revisiting First Day Questions
On the last day of our virtual course, I asked the same three questions that I asked on the
first day. After the students were immersed in ethnomathematics lessons, their answers reflected
the development of cultural and historical literacies in mathematics, the incorporation of their
culture into ethnomathematics tasks and activities, and the ability to connect the mathematics
they learned in the classroom to the mathematics in their lives.
What is mathematics?
The first research question of this study asked, “In what ways do specific components
within ethnomathematics tasks and activities influence Black students’ development of cultural
and historical literacies in mathematics?” Just as my perceptions of mathematics were fundamentally changed after taking my first Ethnomathematics, so were the participants’ perceptions of
mathematics. The inclusion of historical and cultural real-world examples of the application of
mathematics, such as African beadwork, Aztec and Native American textiles, Freedom Quilt
squares, the Great Pyramid of Giza, and African proverbs, helped students realize that mathematics involves much more than solving equations.
The students’ exploration and creation of cultural artifacts in this research project helped
them to see that mathematics is much more than “a bunch of numbers and symbols” (Alex). In
the classroom, the study of cultural artifacts can provide students with “concrete links for students between contemporary life and history because they serve as artifacts acting as tools that
help to retell family stories and past events” (Rosa & Orey, 2009, p. 56). Many cultural activities
that at first appear to be non-mathematical are in fact creative expressions of nontrivial mathematical concepts. By examining the ideas, beliefs, and practices of other cultures, we can better
understand the cultures’ reasons and processes in creating their mathematics. Mathematical
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thinking is a sociocultural practice that is guided by lived experiences (Noss, Hoyles, & Pozzi,
2000).
On the first day of the course, I asked the students, “What is mathematics?” Tricia replied, “A required class.” On the last day of the course, she replied, “I learned that math is all
around you. You just have to learn when to use it and how to apply it.” Tricia’s responses reflected the assertion of Chahine and Naresh (2013) mathematics is always present, useful, useable, and meaningful. Alex also changed his perception of what mathematics is. On the first day
of the course, he stated that mathematics was “a bunch of numbers and symbols.” On the last day
of the course, Alex stated, “Math has always been around, even way back in Ancient Egypt.”
Alex’s response echoed an assertion made by Lakoff and Nunez (2000) that the intellectual content of mathematics does not lie in its symbols, but in its ideas.
Do you see your culture represented in the mathematics you learn in school?
The second research question of this study asked, “How do students incorporate their culture into ethnomathematics tasks and activities designed to help them develop their cultural and
historical literacies in mathematics? On the first day of the course, I asked the students, “Do you
see your culture represented in the mathematics you learn in school?” All the students answered
with a resounding “no”. I repeated the same question on the last day of the course. The answers
were very different from the first day. All the students answered with a resounding “yes” on the
last day of the course. Additional responses to this question are as follows:
Quinn:

“Before this, I didn’t think of math culturally. Now that you taught us
more about math, I realize that it is about more than just numbers. It involves culture and history and stuff.”
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Alex:

“I didn’t think about math and culture until this class.”

The participants in this research study not only learned to acknowledge the relationships
between mathematics and cultures. The students were also able to create culturally based mathematical models and artifacts that exhibited their mathematical content knowledge. The study of
ethnomathematics helps to humanize mathematics by tying it to human creation that is as diverse
and multifaceted as the field of mathematics.
Critical scholars such as Civil (2018) and Martin, D. B., Gholson, and Leonard (2010)
have challenged traditional ideas of what counts as mathematics, who count as mathematicians,
and when mathematics is useful. Cunningham (2021) asserted that when context and cultural relevance is absent from the mathematics classroom, Black students lose the opportunity to draw
mathematical connections to their everyday lives. Research has also suggested that learning is
optimized when students are active co-constructors of mathematical knowledge (Boaler, 1998;
Boggan, 2010; Franke & Kazemi, 2001). Other studies have shown that Black youth perform
significantly better in school when they are able to learn in a style that reflects their home culture
rather than in the style associated with traditional classrooms (Boykin & Bailey, 2000).
Do you use mathematics in your everyday life?
The third research question of this study asked, “How do ethnomathematics lessons enhance
Black students’ ability to connect the mathematics they learn in the classroom to the mathematics
in their lives?” On the first day of the course, I asked the students, “Do you use mathematics in
your everyday life?” The responses were a mix of “yes”, “no”, and “sometimes”, with most students replying “no”. On the last day of the course, every student answered “yes” to the same
question. Emergence in ethnomathematics lessons encouraged the students to explore and understand how mathematics is used by people around the world. The students were also able to
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acknowledge the connection between mathematics and culture while examining the many applications of mathematics in everyday life (Powell & Frankenstein, 1997).
As stated by Chahine and Naresh (2013), mathematics was always present, useful, useable, and meaningful. Mathematics is truly much more than “a bunch of numbers and symbols”
(Alex). Bishop (1988) described the tenets of mathematical thinking using the following categories: counting, locating, measuring, designing, playing, and explaining. Bishop (1988) described
the tenets of mathematical thinking using the following categories: counting, locating, measuring, designing, playing, and explaining. Counting can be described as a relationship that establishes a one-to-one correspondence of a set of objects with a set of numbers. Locating describes
the way that cultures interpret and represent special structures. Some cultures use directional language to describe location, while others use geographical features and landmarks to describe location. Measuring includes the processes of comparing, ordering, and quantifying qualities. The
emphasis on the accuracy of measurements varies from culture to culture. Designing encompasses how humans create objects from the physical, social, or intellectual world and the creation
of objects that are not physical. Cultural designs are as varied as cultures themselves. Playing
does not only involve games. It involves strategy and probability, and may also include other cultural activities that have important religious and social significance. Explaining describes how
people create abstractions and formalisms. Explaining also includes the comparing and contrasting of ideas and objects.
Implications for Practice
The National Council of Teachers of Mathematics (NCTM), the world’s largest mathematics teaching organization, takes the position that being receptive to students’ backgrounds,
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experiences, cultural perspectives, traditions, and knowledge in the implementation of mathematics programs promotes a culture of access and equity in mathematics education. NCTM suggested practices that provide support for and access to equitable mathematics education. On the
organization’s website, the NCTM position on equity and access in mathematics states:
“Acknowledging and addressing factors that contribute to differential outcomes
among groups of students are critical to ensuring that all students routinely have opportunities to experience high-quality mathematics instruction, learn challenging mathematics
content, and receive the support necessary to be successful. Addressing equity and access
includes both ensuring that all students attain mathematics proficiency and increasing the
numbers of students from all racial, ethnic, linguistic, gender, and socioeconomic groups
who attain the highest levels of mathematics achievement.”
In many classrooms, mathematics is presented as a “prized body of knowledge” (Millroy,
1991, p.50) that is void of cultural and historical connections. Mathematics presented in this
manner is far removed from the “lives and ways of living of the social majorities in the world”
(Fasheh, 2000, p.5). Naresh (2015) stated that one of the primary goals of mathematics educators
should be to find meaningful ways to incorporate components of ethnomathematics into the
mainstream mathematics curriculum. Ethnomathematics shifts mathematics from the traditional
places where it has been erected and glorified, places such as schools and universities, and extend it to the global world of people from diverse cultures and their everyday mathematical practices (Paris, 2013). Mukhopadhyay (2009) asserted that “ethnomathematics is not proposed, as is
often believed, as an alternative to either academic mathematics or school mathematics” but
could co-exist and thrive within the realms of academia (p. 70).
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Gay (2010) states that inclusion of culture in the mathematics curriculum empowers and
transforms learners by (a) helping students connect the mathematics they learn in the classroom
to other forms of mathematics, (b) connecting school mathematics to the socio-cultural-ethnical
aspects of their home culture, (c) enabling teachers to practice equitable pedagogical practices
that cater to all learners, and (d) permitting both students and teachers to acknowledge and celebrate their own and each other’s cultural background.
Recommendations for Further Research
As previously mentioned, Leont’ev’s (1981) second-generation cultural historical activity
theory contended that the actions of an individual are embedded within an activity system which
includes the subject, the object of action, and a community engaged in collective activity. Because of the limitations of participant interactions in a virtual classroom, further research in a traditional face-to-face mathematics classroom would allow for a more in-dept analysis of community interaction. Although the students and the I (the teacher) interacted via the Zoom chat box
and computer screens, the nuances of face-to-face discourse could not be observed in this research study.
Another area of further research materialized from a statement from Jonathan. After asking the three questions stated above, I asked the students if they had any other reflections on the
virtual course. Jonathan volunteered the following reply:
“We are going over stuff that I already learned, but it is a different view on it. So,
I could still learn something from geometry that had not touched on before.
My teachers only taught the European aspects, I didn’t know about the pyramids
and stuff. You are just completely ignorant to the cultural aspects of mathematics.
I think it is because most of my teachers are Caucasian and aren’t aware or are
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ignorant to the cultural aspects of mathematics. So, it was interesting to finally
learn from Black teachers, teachers who look like me, and get a different
perspective of math because my teacher comes from a different cultural
background.”
Research has shown (Sampson & GarrisonWade, 2011) that the inclusion of culture in
mathematical lessons provided teachers with opportunities to socially, politically, culturally, and
academically improve the mathematics curriculum. Ramsay-Jordan (2017) asserts that one of the
reasons that culture is not included in mathematics curricula is that there is often “cultural incongruity” between teachers and students. As Jonathan’s statement implies, does the race/culture of
the teacher affect the ability and willingness of the teacher to incorporate appropriate cultural aspects in mathematics lessons? The preference of many teachers to avoid such topics as the discussion of race or ethnicity (Simic-Muller, Fernandes,& Felton-Koestler, 2015) leads to a colorblind curriculum with sides with whiteness (Ramsay-Jordan, 2017).
Summary
The student responses to the three questions asked on the last day of the course could not
serve as a better summary of this research project. Not only did the students demonstrate their
mathematical content knowledge, they learned to connect the mathematics taught in the classroom to the real world and learned that mathematics is not “cultureless”. Students also questioned the roles of power, oppression, and privilege in the world around them. Traditionally,
mathematics has been considered a was “a bunch of numbers and symbols” (Alex) and “a required class” (Tricia). Barta, Eglash, and Barkley (2014) state that too often, mathematics is presented as a set of static rules developed by “old, dead white men” (Jonathan and Alex) with no
connection to the real world.
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Ethnomathematics focuses on the recovery of the cultural dignity seized from individuals
who have been socially excluded because of barriers constructed by the dominant society
(D’Ambrosio, 2006). An introduction to ethnomathematics forever changed my perception of
mathematics. This research study showed that an introduction to ethnomathematics also changed
the participants’ perceptions of mathematics.
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APPENDICES
Appendix A
STEM Course Daily Schedule
Week 1: Triangles - Freedom Quilts
Monday - Properties, Angle Measures, and Classifications
Tuesday - Pythagorean Theorem
Wednesday - Trigonometry Function (sine, cosine, and tangent)
Thursday - Students will create quilt designs based on Freedom Quilts
Friday - Freedom Quilts Exploration
Week 2: Geometry Introduction - Geometry in African Art and Artifacts
Monday - Introduction (points, segment, lines, planes, rays, angles, polygons)
Tuesday - Transformations
Wednesday - Strip Patterns in African Bead/Basket Work
Thursday - Students will create strip patterns
Friday – Artist Talk
Week 3: Area/Surface Area/Volume - Great Pyramid of Giza
Monday - Area
Tuesday - Surface Area
Wednesday - Volume
Thursday - Students will calculate the volume and surface area of the Great Pyramid of
Giza
Friday - Egyptian Pyramid Exploration
Week 4: Deductive Reasoning - African Proverbs
Monday - Conditional Statements (hypothesis and conclusion)
Tuesday - Converse, Inverse, and Contrapositive
Wednesday - Exploration of African Proverbs
Thursday - Students will create their own conditional statements/proverbs
Friday – Course Wrap Up
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Appendix B
Artifact Creation Cards
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Appendix C
Sample Lesson Plan

